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PREFACE. 


Numerous  as  are  the  works  that  have  been  pub- 
lished upon  Elementary  Physiology  and  upon 
Hygiene,  as  separate  subjects,  I am  not  aware 
that  one  exists  at  all  resembling  this  volume, 
either  in  intention  or  arrangement.  Indeed,  I 
have  been  partly  induced  to  write  this  little  work 
by  feeling  the  want  of  such  an  one  to  recommend 
for  reading,  when  I have  been  lecturing  to  public 
audiences,  or  teaching  classes  of  women  in  this 
subject.  The  distinctive  feature  of  this  book  is 
that  it  not  only  treats  of  physiology,  but,  at  the 
same  moment,  of  health  : its  science  is  sufficiently 
full  and  precise  to  make  it  a suitable  text-book 
for  classes  and  students  (whether  preparing  for  the 
South  Kensington  first-stage  examination  or  not), 
while  at  the  same  time  the  practical  application 
of  that  science  is  everywhere  shown,  and  the  long 
preservation  of  a healthy  life  is  taught  by  and 
through  the  structure  of  the  House  of  Life.  I am 
convinced  that  for  popular  study  (that  is  to  say. 
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always,  except  in  preparation  for  the  medical  pro- 
fession) Physiology  and  Hygiene  should  be  treated 
of  together,  and  as  related  to  each  other.  I am 
fully  alive  to  the  value  of  the  study  of  any  science, 
as  a mental  discipline  ; but,  at  the  same  time,  I 
believe  that  physiology  is  far  above  all  other 
sciences  as  a subject  that  every  person  (and  especi- 
ally every  woman)  ought  to  obtain  some  know- 
ledge of,  just  because  it  can  be  turned  to  so 
important  a use  in  daily  life — because  the  wide- 
spread knowledge  of  it  will  aid  sanitation,  and  by 
making  our  people  more  healthy,  will  likewise 
make  them  more  noble  and  more  happy. 

The  Pronouncing  Index  is  also  a special  feature, 
and  is  intended  for  the  benefit  of  those  who  read 
this  book  without  the  advantage  of  oral  teaching. 

The  two  aims  which  I have  kept  before  me  in 
my  work  have  been — to  use  language  as  simple,  as 
transparently  clear  and  unmistakeable  in  meaning, 
as  possible  ; and  to  show  always  the  practical  use 
of  the  science  in  its  bearing  upon  daily  life  and 
personal  health.  To  be  told  that  I have  succeeded 
in  these  respects  is  all  the  praise  I could  desire. 


F.  F.  M. 
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CHAPTER  I. 

INTRODUCTORY. 

Who  that  has  ever  been  ill  can  question  that  health  is  the 
one  thing  needful  above  all  others  for  him  upon  this 
earth?  One  can  be  both  happy  and  useful  without 
wealth,  without  rank,  without  fame ; but  even  the  tooth- 
ache can  mar  happiness,  and  one  cannot  do  one’s  work 
properly  while  afflicted  with  “ only  a cold.”  We  should 
expect,  therefore,  that  all  people  would  avoid  everything 
which  might  take  away  from  them  the  blessing  of  health, 
and  would  never  neglect  anything  which  would  preserve 
it  to  them. 

But  when  facts  are  consulted,  they  have  a mournful 
tale  to  tell  of  lives  wasted  by  ignorance  and  carelessness, 
and  of  suffering  which  need  never  have  been  endured. 
There  meets  us  this  startling  fact,  that  there  die  in  this 
country  every  year  no  fewer  than  one  hundred  ajid  twenty 
thousand  persons  who  are  killed  solely  by  neglect  of  the 
laws  of  health.^  And  we  must  remember  that  even  this 
great  number  is  as  nothing  compared  to  the  still  larger 
one  of  those  who  throw  away  their  health  without  actually 
losing  life  itself ; who  undermine  the  foundations,  and 
make  breaches  in  the  walls,  and  let  decay  creep  into  the 
chambers  of  “ this  breathing  house  not  made  with  hands,” 
by  their  neglect  of  its  needs,  long  before  it  falls  to  the 
earth  altogether. 

^ The  Report  of  the  Medical  Officer  of  the  Privy  Council, 
1871 — the  highest  possible  authority. 
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This  melancholy  amount  of  preventible  disease  and 
death  is  a matter  which  concerns  each  one  of  us,  not 
only  individually,  and  upon  far  other  than  merely  selfish 
grounds.  For,  leaving  the  personal  suffering  of  a con- 
stant invalid  out  of  the  question  (important  though  that 
is),  it  is  the  duty  of  every  one  towards  his  neighbour  to 
guard  his  own  health,  that  he  may  do  his  share  of  the 
work  of  the  world,  carry  his  due  portion  of  its  burdens, 
and  increase  the  sum  of  its  joys. 

It  is  not  meant  that  one’s  own  health  should  be  the 
constant  subject  of  one’s  thoughts.  The  hypochondriac 
who  weighs  his  food  and  measures  his  walks  is  generally 
selfish,  and  always  silly,  because  his  very  caution  defeats 
its  object.  But  into  absurdity  of  such  a kind  no  one 
who  works  is  likely  to  fall ; and  as  this  little  book  has  to 
show  that  activity,  of  both  body  and  mind,  is  one  of 
the  most  essential  conditions  of  health,  there  is  no  fear 
that  its  study  will  lead  to  such  a mistake. 

If  it  is  a duty  which  we  owe  to  others  to  endeavour 
to  preserve  ow'  oivn  health,  how  infinitely  more  must  it 
be  the  duty  of  those  upon  whom  the  responsibility  for 
the  health  of  othe7's  rests,  to  acquaint  themselves  with  the 
laws  of  life  ? It  is  because  women  stand  in  this  position, 
because  upon  them  depend  the  healthful  management  of 
the  home,  and  the  bringing  up  of  children,  that  it  is 
so  especially  necessary  that  girls  should  be  instructed  in 
this  subject. 

There  is  but  one  useful  plan  upon  which  the  laws  of 
health  can  be  studied.  Many  of  those  laws  which  are 
continually  neglected  are  perfectly  well  known  as  rules  to 
the  people  who  disobey  them.  Such  are  — “ Breathe 
pure  air,”  and  “ Wash  and  be  clean.”  The  reason  why 
such  rules,  which  everybody  knows,  are  so  often  disre- 
garded, is  that  they  are  rules  only.  Very  few  people 
know  why  they  exist.  Their  reasons  and  their  importance 
can  only  be  understood  by  aid  of  a knowledge  of  the 
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structure  of  the  human  body ; to  put  it  in  large  words, 
which  people  call  “ scientific  language,” — Human  Physi- 
ology is  the  basis  of  Hygiene. 

This  is  the  only  way  in  which  health  can  be  effectu 
ally  studied.  If  we  once  understand  just  what  mischief 
is  worked  upon  our  bodies  by  a certain  kind  of  neglect, 
there  is  little  fear  of  our  being  guilty  of  it ; on  the  other 
hand,  mere  rules,  the  object  of  which  is  not  compre- 
hended, stand  a very  poor  chance  of  being  practically 
minded. 

Physiology  is  a science  ; the  preservation  of  health  is 
an  art  founded  upon  that  science.  The  science  is  in 
itself  entrancingly  interesting,  and  its  study  is  full  of 
value ; but  this  value  is  increased,  and  this  interest  is 
heightened,  when  its  application  to  the  prevention  of 
disease  is  seen.  We  shall,  therefore,  here  study  the 
structure  and  the  functions  of  this  wonderful  house  of 
life,  with  its  numerous  apartments,  and  shall  see  what 
each  part  of  the  science  of  physiology  can  teach  of  the 
art  of  the  preservation  of  health. 

Let  us  begin  by  taking  a brief  outline  sketch  of  the 
arrangement  of  the  house.  There  is  a wonderful  com- 
bination of  chambers  and  passages,  of  still-rooms  and 
kitchens,  workshops  and  offices,  pulleys,  pumps,  and 
pipes ; yet  the  work  of  each  department  is  done  for  the 
whole,  the  nerves  being  the  messengers,  and  the  blood 
the  porter  between  one  and  another  apartment. 

Every  organ  does  its  own  distinct  work,  yet  always  with 
reference  to  the  wants  of  other  parts.  If  we  injure  one 
portion  of  our  bodies,  in  all  probability  some  other  will 
make  a mighty  effort  to  do  double  work.  Any  organ  upon 
which  extra  work  is  thrown  receives  at  once  an  additional 
supply  of  blood.  There  is  sympathy  and  co-working 
throughout.  Our  duty  with  regard  to  our  bodies  is  not  to 
alter  their  already  beautiful  and  perfect  arrangements,  but 
to  protect  them  from  injury,  and  to  keep  them  in  condi- 
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tions  favourable  for  their  preservation  ; just  as,  if  we  lived 
in  a magnificent  palace,  with  choice  woods  and  marbles 
and  precious  stones  decorating  it  everywhere,  we  should 
not  attempt  to  alter  it  or  amend  it,  according  to  our 
caprice,  but  would  guard  it  from  the  entrance  of  those 
who  would  despoil  it,  and  would  watch  that  even  our 
professing  friends  and  our  servants  did  it  no  harm. 

I have  already  used  a word  which  I must  explain 
before  going  on  farther — the  word  Organ.  All  nature 
is  divided  into  two  great  classes — Organic  Inorga7iic. 

The  first-named  class  comprises  all  animals  and  all 
vegetables ; the  second  consists  of  minerals,  such  as 
stones  and  metals,  and  also  takes  in  water,  air,  etc.  The 
term  organ  is  applied  to  any  distinct  part  of  a body 
which  has  some  special  work  of  its  own  to  do.  Thus, 
in  animals,  the  heart  is  the  organ  of  the  circulation  of 
the  blood,  the  brain  is  the  organ  of  the  mind,  and  so  on. 
In  vegetables,  again,  the  leaves,  the  stalks,  the  flowers, 
are  each  and  all  organs,  performing  some  special  office 
for  the  life  of  the  whole  plant.  But  in  rocks,  in  a clod 
of  earth,  in  water,  in  fire,  we  do  not  find  anything  of 
the  sort ; there  are  no  separate  parts  performing  sepa- 
rate functions.  The  animal  and  vegetable  kingdoms 
are  therefore  organised ; the  mineral  kingdom  is  inor- 
ganic. 

The  bony  skeleton  forms  a sort  of  foundation  upon 
which  the  body  is  built ; the  muscles  and  other  tissues  * 
being  padded  round  the  bone  in  the  extremities,  and  the 
soft  organs  in  the  trunk  and  head  being  protected  by 
cases  of  bone. 

The  bones  forming  the  head  and  trunk  are  so 
arranged  as  to  make  two  cavities,  or  tubes  ; one  consist- 

^ A tissue  is,  to  speak  colloquially,  the  stuff  of  w'hich  a part  is 
made  ; in  other  words,  it  is  an  elementary  structure  of  the  body — a 
structure  which  cannot  be  further  divided  without  quite  destroying 
its  construction. 
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ing  of  the  inside  of  the  head  and  the  inside  of  the  back- 
bone, the  other  of  the  inside  of  the  trunk,  which  is  partly 
enclosed  by  the  ribs  and  the  pelvis^  or  basin,  and  covered 
over  by  the  abdominal  muscles. 

Every  one  knows  that  the  inside  of  the  head  is 
hollow,  and  that  the  brain  is  contained  there ; it  is  not 
so  generally  known  that  there  is  also  a hollow  right  down 
the  middle  of  the  backbone,  and  that  the  substance  of  the 
brain  is  continued  in  that  canal,  right  down  the  spine. 
Such,  however,  is  the  fact.  And  the  inside  of  the  brain- 
case  and  the  inside  of  the  spine  together  form  the  first 
of  the  two  cavities,  or  tubes,  into  which  the  head  and 
trunk  of  any  animal  that  possesses  a backbone  (that  is, 
every  vertehrated  animal)  are  divided. 

The  second  cavity  consists  of  the  whole  of  the  trunk, 
right  round  from  the^  backbone.  This  space  is  closely 
packed  with  the  delicate  vital  organs.  It  is  divided  into 
two  parts  by  a large  muscle,  fibrous  in  the  middle,  called 
the  diaphragm^  which  forms  an  arch  across  the  centre 
of  the  body,  quite  separating  the  organs  which  are 
above  it  from  those  which  are  below  it.  The  use  of  this 
muscle  is  to  assist  in  the  act  of  breathing.  The  space 
above  the  diaphragm  is  called  the  thorax^  or  chest ; that 
below  it,  the  ahdomeit^  or  belly. 

Both  the  shape  and  the  arrangement  of  the  organs  of 
the  trunk  are  very  similar  in  human  beings  and  the  lower 
animals.  Those  who  can,  therefore,  should  open  and 
inspect  a rabbit,  or  some  other  of  our  poor  relations ; 
and  should  remember  for  the  future  that  these  creatures, 
whose  structure  is  so  like  our  own,  are  like  us  also  in 
their  bodily  sensations  and  needs,  so  that  he  who  starves 
or  otherwise  ill  treats  a beast  is  as  criminal  as  though 
he  had  done  likewise  to  one  of  his  own  species. 

The  heart  and  lungs  will  be  found  in  the  thorax  ; 
and  the  diaphragm  is  pierced  by  the  passing  through  it 
of  large  blood-pipes  which  leave  the  heart,  as  well  as 
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by  the  gullet,  through  which  the  food  passes  from  the 
mouth  to  the  stomach. 

In  the  abdomen  are  the  stomach,  with  the  liver  on 
its  right,  the  spleen  on  its  left,  and  the  pancreas,  or 
sweetbread,  behind  it.  The  coil  of  the  intestines  fills 
up  most  of  the  remaining  space,  and  hides,  from  the 
front,  the  two  kidneys,  which  are  in  the  loins  behind. 

This  introductory  chapter  must  not  conclude  without 
explaining  two  words  which  will  be  repeatedly  used  in 
the  book.  The  first  one  is 

PHYSIOLOGY. 

This  comes  from  two  Greek  words,  meaning  literally 
“ The  Science  of  Nature.”  Human  physiology  treats  of 
man’s  body  and  its  vital  processes.  The  term  anatomy 
is  generally  used  to  express  an  account  of  the  mere 
structure  of  the  system,  and  the  word  physiology  is 
applied  to  the  explanation  of  the  functions  of  the  parts. 
The  latter  term  may,  however,  as  you  can  see  from  its 
derivation,  be  made  use  of  without  incorrectness  in  treat- 
ing of  both  structure  and  function — that  is  to  say,  of 
both  how  the  body  is  made,  and  the  work  which  its 
various  parts  have  to  do. 

I'he  next  word  which  I must  explain  is 

HYGIENE. 

This  is  derived  from  the  name  of  the  goddess  of 
health  worshipped  by  the  ancient  Romans — Hygeia. 
The  word  is  used  by  us  to  denote  “ The  Laws  of  Health.” 

These  definitions  make  it  possible  for  the  reader  to 
thoroughly  understand  the  power  of  the  sentence  which 
stands  on  a preceding  page — “ Human  Physiology  is  the 
basis  of  Hygiene.” 
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RESPIRATION. 

There  is  no  more  important  hygienic  precept  than 
“ Breathe  pure  air.”  At  the  same  time,  there  is  no  one 
which  will  more  fully  illustrate  the  truth  that  the  only 
way  to  secure  obedience  to  the  laws  of  health  is  to  ex- 
plain the  physiological  principles  upon  which  those  laws 
are  based.  The  reason  why  we  should  breathe  pure  air, 
and  the  importance  to  our  health  of  our  doing  so,  must 
be  found  by  studying  two  of  the  vital  processes — Respira- 
tion (that  is,  breathing),  and  the  Circulation  of  the  Blood. 

The  organs  concerned  in  these  two  processes  are  the 
only  ones  in  the  thorax,  or  chest,  and  above  the  dia- 
phragm. The  lungs  are  the  organs  of  respiration  ; the 
heart  is  that  of  the  circulation. 

The  heart  lies  in  the  centre  of  the  chest,  with  its 
point  directed  toward  the  left,  and  one  of  the  lungs  is  on 
either  side  of  it  (Fig.  i). 

The  lungs  (in  the  lower  animals  termed  the  lights) 
are  two  grayish-pink  bodies,  which  extend  from  the  collar- 
bone to  just  below  the  bottom  of  the  shoulder-blade. 
The  right  lung  is  a little  heavier  than  the  left.  The  right 
also  differs  from  the  left  lung  by  being  divided  into  three 
portions,  called  lobes,  by  deep  fissures,  which  go  far  down 
into  its  substance,  while  the  left  lung  is  divided  in  a 
similar  manner  into  two  lobes  only. 

Each  lung  is  covered  by  a very  delicate  shining  smooth 
membrane  (that  is,  skin),  named  the  pleura  (Lat.  plural, 
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pleurd).  The  pleurae  completely  cover  the  lungs,  and  then 
turn  backwards  and  line  the  inside  wall  of  the  chest,  fasten- 
ing below  on  to  the  diaphragm.  Each  pleura  thus  forms  a 
shut  bag,  with  only  a little  fluid  inside  the  bag  itself, 

C ^ c >JV 


EL 


Fig.  I. — The  Heart,  Great  Vessels,  and  Lungs. 

FRONT  VIEW. 

T,  trachea,  or  windpipe  ; LL,  left  lung ; RL,  right  lung,  dissected  out  so  as  to 
show  the  divisions  of  the  bronchus  ; B,  the  bronchi ; RV,  the  right  ventricle.; 
RA,  the  right  auricle  ; LA,  the  left  auricle  ; LV,  the  left  ventricle  ; PA,  the 
pulmonary  artery  ; PV,  the  pulmonary  veins  (these  veins  and  artery  are 
shown  entering  the  left  lung,  but  have  been  removed  in  dissecting  the  right 
lung)  ; VS,  the  vena  cava  superior;  VI,  the  vena  cava  inferior,  the  two  large 
veins  through  which  the  blood  enters  the  right  auricle  ; A,  the  aorta,  the 
great  artery  by  which  the  blood  leaves  the  left  ventricle  ; CC,  carotid  arteries ; 
RJV,  LJV,  right  and  left  jugular  veins.  All  the  great  vessels  are  cut  off 
short,  except  the  pulmonary  artery  and  veins. 

but  with  a lung  wrapped  up  in  one  half  of  the  outside 
and  the  other  half  of  the  outside  affixed  to  the  chest 
walls  and  diaphragm. 

There  are  several  instances  in  the  body  of  fine  skins 
forming  shut  bags  in  this  manner.  The  most  noteworthy 
one  is  the  peritoneum.^  which  is  reflected  so  upon  all  the 
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organs  of  the  abdomen ; and  there  is  also  such  a bag 
covering  the  heart,  and  another  one  over  the  brain.  They 
are  called  serous  membranes ; and  they  all  have  between 
the  two  layers  of  the  skin  a very  small  quantity  of  fluid, 
called  se7‘um. 

The  lungs  are  made  up  of  the  following  structures  : — 

Firsts  there  are  blood-vessels ; that  is  to  say,  pipes 
which  have  blood  in  them.  Secondly^  there  are  air-tubes^ 
which  I shall  immediately  describe  more  fully.  These 
two  kinds  of  pipes  are  supported  and  bound  together  by 
a substance  called  elastic  tissue^  the  name  of  which  tells 
something  about  its  powers.  Finally,  there  are  nerves 
and  lymphatic  vessels.  The  lung-substance  is  a com- 
bination of  all  these  structures  ; the  air-pipes  and  the 
blood-vessels  make  up  most  of  it. 

All  the  air-tubes  in  the  lungs  are  made  out  of  one 
pipe — the  windpipe. 

If  you  lean  your  head  back,  you  can  feel  a firm  tube 
running  right  down  the  centre  of  your  throat ; that  is  the 
trachea^  or  windpipe.  It  is  a pipe,  about  five  inches  long  in 
a grown-up  person,  opening  at  the  top  into  the  back  of  the 
mouth.  It  is  made  of  a series  of  rings.  These  are  com- 
posed partly  of  cartilage  (that  is,  gristle),  which  goes  three- 
quarters  of  the  way  round  ; but  right  at  the  back,  the  last 
quarter  of  the  rings  is  a soft  yielding  substance.  The 
reason  for  this  is  that  if  the  rings  were  made  entirely  of 
the  soft  material,  the  sides  of  the  pipe  might  fall  together, 
so  that  the  air  could  not  pass  down  it,  and  then  we  should 
suffocate  ; on  the  other  hand,  if  the  hard  gristle  were  at 
the  back  of  the  windpipe,  it  would  obstruct  the  passage 
of  food  into  the  stomach,  since  the  gullet  lies  against  the 
windpipe  behind. 

At  its  lower  end,  behind  the  breast-bone,  the  wind- 
pipe divides  so  as  to  form  two  branches,  one  of  which 
goes  into  each  lung.  These  two  tubes  are  called  the 
bronchi  (Latin  singular,  bronchus) ; and  the  place  where 
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each  one  enters  its  own  lung,  which  is  where  the  blood- 
vessels also  enter,  is  named  the  root  of  the  lung.  As  you 
will  see  in  Fig.  i,  this  is  nearly  in  the  middle  of  the  organ. 

As  soon  as  each  bronchus  enters  the  lung,  it  in  its 
turn  divides  into  two  other  tubes ; then  each  one  of 
these  divides  into  two  (or  occasionally  three)  more,  and 
each  of  those  into  two  more  again,  and  so  on.  To  put 
it  in  other  words  : each  bronchus,  having  gone  into  the 
lung  substance,  divides  and  makes  two  tubes ; then  those 
two  divide  and  make  four ; and  the  four  separate  and 
make  eight ; and  this  process  of  division  and  subdivision 
continues,  till  an  immense  number  of  air-tubes  are  made. 
These  divisions  of  the  bronchi  are  named  the  bi'onchial 
tubes. 

Now,  whenever  one  bronchial  tube  divides  to  make 
two  others,  the  two  are  both  nanvwer  pipes,  and  7?iade 
of  thinner  skin  than  the  one  was  from  which  they  are 
formed.  Thus  each  bronchus  is  narrower,  and  made  of 
finer  skin  than  the  windpipe ; and  the  two  first  bronchial 
tubes  are  narrower  than  the  bronchus  by  the  division  of 
which  they  are  made  ; and  so  on.  So  that,  finally,  the  last 
pipes  produced  in  the  lungs  by  this  continual  dividing 
and  subdividing  are  only  about  one-fortieth  of  an  inch  in 
diameter,  and  are  made  of  very  delicate  skin  indeed. 

Upon  the  end  of  every  one  of  those  smallest 
bronchial  tubes  there  is  a little  swelling,  shaped  some- 
thing like  a funnel.  The  smallest  bronchial  tube  may  be 
compared  to  the  stem  of  a funnel,  and  the  dilation 
spreads  out  from  it,  as  the  mouth  of  a funnel,  into  which 
the  liquid  is  poured,  does  upon  its  stem.  But  the  dila- 
tion at  the  end  of  the  bronchial  tube  is  not  quite  smooth, 
like  the  top  of  a funnel ; on  the  contrary,  the  skin  of 
which  it  is  made  bulges  out  inside  into  a great  number 
of  little  pits  or  depressions,  like  small  caverns  in  its 
walls.  These  tiny  recesses  are  the  air-cells.  Fig.  2 
will  help  you  to  understand  this  description. 
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You  would  find  it  very  interesting  to  get  the  lungs 
(lights)  of  some  animal  from  the  butcher,  and  try  how 
far  you  can  trace  the  divisions  of  the  bronchi. 

If  you  purchased  the  two  lungs  still  attached  to  the 
end  of  the  windpipe,  you  might,  before  cutting  them  at 
all,  blow  through  a hollow 
stem  of  some  sort  into  the 
windpipe,  and  you  would 
then  see  the  lungs  swell  up, 
and  sink  down  again  when 
you  removed  your  lips  from 
the  tube,  just  as  the  chest- 
wall,  which  covers  the  lungs, 
rises  and  falls  when  we  draw 
and  send  out  our  breath. 

Did  you  ever  wonder 
what  caused  that  rise  and 
fall  of  your  chest?  No 
doubt  you  know  vaguely  that 
it  happens  as  you  breathe  ; 
but  do  you  really  know 
what  breathing  is  ? 

All  around  us  there  is  an 
invisible  something,  which 
we  can  feel  by  waving  our 
hands  about  in  it,  and  the  effects  of  which  are  often  plainly 
enough  to  be  seen.  We  call  it,  when  it  is  still,  the  air, 
and  when  it  is  in  a state  of  commotion,  the  wind.  It 
is  a substance,  for  it  will  keep  apart  the  sides  of  a 
bladder  that  is  full  of  it,  and  it  will  bear  the  weight 
of  a kite  up  towards  the  sky.  It  is  the  same  sub- 
stance that  we  call  breath,  when  it  has  been  down 
into  our  lungs ; and  the  act  of  breathing  is  simply 
drawing  the  air  down  into  the  lungs  and  sending  it  out 


Fig.  2.* — Air-Cells  of  Lungs 

MAGNIFIED. 

a,  a,  Smallest  bronchial  tubes,  termin- 
ating in  elongated  dilatations  (the 
air-sacs),  upon  which  bulge  out 
b,  b,  the  air-cells. 
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of  them  again.  When  the  air  is  drawn  in,  the  bronchial 
tubes  are  filled,  the  lungs  expand  and  the  chest  rises ; 
when  the  air  passes  out  the  chest  sinks  down  again. 

The  act  of  drawing  in  breath  is  Lispiration  ; that  of 
sending  out  breath  is  Expiration  ; and  the  whole  act  of 
breathing  is  called  Respiration. 

Why  we  respire  will  be  seen  by  and  by ; I am  now 
going  on  to  explain  the  mechanism  of  breathing.  The 
lungs  do  not  breathe  simply  because  they  have  in  them 
all  that  multitude  of  air-pipes.  The  trachea,  the  bronchi, 
the  bronchial  tubes,  and  the  air-cells,  are  the  series  of 
passages  through  which  the  air  passes  in  the  lungs  ; but 
although  the  lungs  of  a dead  animal  have  all  these,  yet 
it  does  not  respire.  If  it  drew  breath  we  should  know  it 
was  not  dead. 

We  make  the  respiratory  effort,  by  which  breath  is 
drawn  into  and  pushed  out  of  the  lungs,  without,  neces- 
sarily, our  will  acting  in  the  matter  at  all ; to  put  this 
in  more  precise  terms — respiration  is  an  involuntary 
action.  Many  of  our  most  important  vital  processes  are 
carried  on  thus,  for  the  very  obvious  reason  that  if  we 
had  to  give  our  own  thoughts  to  their  performance,  and 
will  them  before  they  took  place,  we  should  be  able  to 
do  nothing  else  but  attend  to  our  own  bodily  functions. 
Our  brain  proper,  in  which  our  will  and  our  feeling  are 
seated,  does  not,  therefore,  need  to  take  thought  of  these 
things  for  us ; still,  every  organ  acts  through  nerves,  and 
there  are  special  nerves  to  make  the  lungs,  and  the  muscles 
connected  with  them,  carry  on  their  work  incessantly. 

The  action  which  these  respiratory  nerves  have  to 
order  is  partly  {a)  that  of  the  diaphragm,  that  large 
muscle  which  separates  the  chest  from  the  abdomen,  and 
partly  {b)  that  of  the  muscles  between  the  ribs.  These 
are  the  chief  portions  of  the  machinery  of  breathing. 
The  muscles  which  form  the  front  of  the  abdomen  also 
assist  in  the  process. 


RESPIRA  TION. 


13 


Wherever  in  the  body  we  find  that  elementary  struc- 
ture called  muscular  tissue^  it  has  always  one  peculiar 
power  of  its  own.  This  power,  which  all  muscle  pos- 
sesses, is  that  of  becoming  at  one  time  thicker  and  shorter  ; 
it  shrinks  together,  and  gains  in  thickness  just  as  much 
as  it  loses  in  length. 

Now,  it  has  already  been  said  that  the  lungs  are  fas- 
tened by  the  pleura  on  to  the  diaphragm  as  well  as  on  to 
the  chest-walls.  We  also  know  that  the  lungs  are  partly 
composed  of  elastic  tissue^  a substance  which  receives  its 
name  from  its  having  the  same  properties  as  elastic, — 
that  is  to  say,  it  will  stretch  when  some  force  is  applied 
to  it,  and  shrink  back  to  its  original  size  directly  the 
force  is  removed. 

The  lungs  have  elastic  tissue  in  them  ; the  diaphragm 
is  made  of  muscular  tissue.  Let  us  see  how  they  would 
act,  without,  for  the  moment,  considering  the  muscles 
between  the  ribs  or  those  of  the  abdomen. 

The  centre  of  the  diaphragm  is  tendinous,  and  has 
not  the  power  of  contraction ; but  all  round  its  sides, 
just  where  the  lungs  are  fastened  on  to  it,  it  is  made  of 
muscle,  and  this  contracts.  The  diaphragm,  you  remem- 
ber, is  shaped  like  an  arch  across  the  centre  of  the  trunk 
of  the  body.  When  the  muscular  fibres  of  the  sides  of 
this  arch  all  contract,  becoming  thicker  and  shorter^  it  is 
clear  that  the  arch  must  become  flatter ; and  in  doing 
this  it  necessarily  drags  down  the  lungs,  which  are  fastened 
to  it,  and  puts  their  elastic  tissue  on  the  stretch ; the 
air-tubes  are  thus  pulled  open,  and  the  air  rushes  into 
them  to  occupy  the  space  so  produced.  But  pre- 
sently the  diaphragm  leaves  off  contracting;  then  the 
elastic  tissue  of  the  lungs,  no  longer  kept  upon  the 
stretch  by  the  pulling  down  of  that  muscular  arch,  does 
just  as  a piece  of  elastic  outside  the  body  would  do 
when  one  left  off  pulling  it — it  returns  to  its  original 
•size.  But  in  doing  so,  it  must  press  upon  the  air- 
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cells  and  bronchial  tubes,  and  squeeze  out  again  from 
them  some  of  that  air  which  had  space  to  come  in 
when  the  elastic  tissue  was  pulled  down  by  the  dia- 
phragm. 

Well,  it  may  be  said,  this  seems  to  explain  the 
mechanism  of  breathing ; what  need  is  there  for  the 
action  of  the  muscles  between  the  ribs,  or  those  covering 
in  the  abdomen  ? 

In  fact,  some  persons  (the  male  sex  in  general)  do 
breathe  almost  entirely  with  the  diaphragm ; but,  on  the 
other  hand,  women  usually  breathe  chiefly  by  the  rib- 
muscles  ; and,  in  all  cases,  the  one  method  of  expanding 
the  lungs  fits  in  with  the  other,  and  we  breathe  partly  by 
the  diaphragm,  partly  by  the  muscles  between  the  ribs, 
which  are  called  the  intercostal  (i.e.  between-rib)  muscles. 

The  ribs  are  fastened  by  joints  of  cartilage  on  to  the 
spine  behind,  and  on  to  the  breast-bone  in  front,  and  the 
intercostal  muscles  run  between  the  ribs,  from  each  one 
to  the  next.  One  set  of  intercostals  (called  the  exterftal) 
run  obliquely  toward  the  front,  and  another  set  (the 
internal)  cross  them,  running  obliquely  backwards.  By 
the  contraction  of  the  external  intercostal  muscles,  the 
ribs  are  a little  lifted  up,  and  the  breast-bone  slightly 
pushed  outwards,  at  the  same  moment  that  the  diaphragm 
is  contracting  and  pulling  the  lungs  downwards.  The 
effect  of  the  movement  of  the  ribs  and  breast-bone  just 
mentioned  is  to  make  the  lungs  stretch  from  before 
backwards,  as  the  diaphragm  makes  them  stretch  from 
above  downwards,  and  the  air  rushes  in  to  fill  this  space 
directly  it  is  made. 

The  internal  intercostals  act  in  precisely  the  reverse 
manner,  pressing  the  ribs  downwards,  and  pulling  the 
breast-bone  a little  inwards.  They  are,  therefore,  aids 
to  expiration. 

The  abdominal  muscles  help  to  pull  down  the  ribs, 
and  to  push  up  the  diaphragm  by  squeezing  on  the 
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stomach  and  other  organs,  and  pressing  them  against 
the  contracted  arch.  They,  therefore,  help  expiration^ 
and  they  come  into  play  chiefly  when  we  cough,  or 
sneeze,  or  sigh,  violently  expelling  air  from  our  lungs. 

Over  and  over  again,  as  long  as  we  live,  these  various 
parts  of  the  respiratory  mechanism  perform  their  several 
actions.  The  diaphragm  contracts  and  pulls  the  lungs 
downwards,  and  at  the  same  moment  the  external  inter- 
costal muscles  raise  the  ribs,  and  stretch  the  lungs  cross- 
ways  ; thus  the  air-vessels  in  the  lungs  are  opened  to 
their  widest  extent,  and  the  air  rushes  into  them.  Then 
the  action  of  the  muscles  just  named  ceases  \ the  elas- 
ticity of  the  lung  tissue  comes  into  play,  the  internal 
intercostal  muscles  contract  and  carry  the  ribs  down 
again,  and  the  diaphragm  (aided  by  the  pushing  against 
its  under  side  of  the  abdominal  organs,  by  the  muscles 
which  cover  them)  returns  to  its  arched-up  shape ; thus 
the  bronchial  tubes  are  pressed  upon,  and  the  air,  which 
was  immediately  before  drawn  in,  is  expelled  again.  Then 
there  is  an  instant’s  pause ; and  then  the  whole  proceed- 
ing begins  again.  This  is  respiration ; and  in  an  adult 
the  whole  of  these  actions  are  repeated  from  fifteen  to 
eighteen  times  in  every  minute. 

But  do  not  understand  me  to  say  that  the  bronchial 
tubes  and  air-cells  are  emptied  with  every  expiration. 
We  never  can,  even  if  we  breathe  out  as  hard  as  possible, 
make  the  back  and  the  front  of  the  chest  come  nearly 
against  each  other ; there  is  always  a considerable  space 
remaining.  The  consequence  is  that  the  air-tubes  always 
have  some  air  in  them,  even  after  the  most  forcible 
expiratory  effort  of  which  the  muscles  are  capable. 

On  the  other  hand,  when  we  draw  a deep  breath 
we  get  more  air  into  our  lungs  than  enters  by  an  ordinary 
inspiration. 

There  is,  then,  a certain  quantity  of  air  which  passes 
in  and  out  of  the  larger  bronchial  tubes  with  every 
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ordinary  calm  respiration  ; the  quantity  is  about  30  cubic 
inches,  and  it  is  called  the  Tidal  ah'. 

By  breathing  out  as  strongly  as  possible,  calling  into 
play  the  abdominal  muscles,  there  can  be  sent  out  of  the 
lungs  about  100  cubic  inches  more;  this  is  termed 
Resei've  air. 

But  still,  as  just  explained,  there  will  remain  in  the 
lungs  a certain  quantity  which  never  can  be  squeezed 
out;  this  amounts  to  about  another  100  cubic  inches, 
and  is  called  Residual  (which  means  remaining  air. 

Thus,  you  see,  after  an  ordinary  breath  is  drawn,  the 
lungs  contain,  in  a full-grown  person,  about  230  cubic 
inches  of  air,  and  only  30  of  these  move  in  and  out  with 
each  breath — the  other  200,  the  reserve  and  residual 
air,  are,  in  ordinary  breathing,  stationary  in  the  tubes 
and  air-cells. 

Then,  by  taking  the  deepest  possible  inspiration,  we 
can  make  room  in  the  bronchial  tubes,  on  top  of  the 
ordinary  tidal  air,  for  about  100  cubic  inches  more, 
which  is  called  compleme7ital  air.  Thus  the  whole  of  the 
air-tubes  and  cells  in  the  lungs  are  capable,  when  quite 
filled,  of  containing  from  320  to  350  cubic  inches  of  air. 

The  respiratory  muscles  are  very  powerful.  Mr. 
Jonathan  Hutchinson  calculates  that  the  force  which 
they  must  exert  to  lift  the  ribs  and  overcome  the  elas- 
ticity of  the  lung-tissue  is,  in  ordinary  inspiration,  as 
great  as  would  be  required  for  lifting  170  founds  weight. 


CHAPTER  III. 


CIRCULATION  OF  THE  BLOOD. 

The  word  “circulation”  means  “going  round.”  The 
blood  in  the  living  body  continually  goes  round  and 
round  in  a circle,  composed  of  a series  of  pipes  called 
blood-vessels,  and  including  the  heart.  Through  these 
a stream  of  blood  unceasingly  pours. 

The  heart  is  the  centre  of  the  circulation.  It  lies 
about  the  middle  of  the  chest,  with  the  broad  part  upper- 
most, and  the  point  directed  towards  the  left  side.  The 
Bible,  in  telling  us  how  Joab  slew  his  enemy  Abner,  says, 
“And  he  smote  him  under  the  fifth  rib,  that  he  died.” 
It  is  just  there  that  the  point  (or  apex)  of  the  heart  lies. 

The  heart  is  made  of  muscle.  It  is  covered  outside  by 
a strong  serous  membrane,  which  forms  a bag  in  the  same 
way  as  the  pleurae  do,  and  which  is  called  the  pericardium. 

When  the  heart  is  cut  open,  it  is  found  to  be  hollow, 
and  to  be  divided  into  four  cavities.  First,  a thick 
muscular  wall  makes  a complete  partition  downwards,  so 
as  to  divide  the  organ,  lengthways,  into  two  halves,  ?'ight 
and  left  respectively  ; not  a drop  of  fluid  can  pass  through 
that  thick  partition  from  the  one  side  of  the  heart  to  the 
other.  Then  each  half  is  again  divided  into  top  and 
bottom  parts,  by  a movable  partition  of  skin,  through 
which  fluid  can  readily  pass  in  one  direction;  namely, 
from  above  downwards,  but  not  vice  versa.  Of  the  four 
cavities  thus  made,  the  two  top  are  smaller  than  the  two 
bottom  ones  (see  Figs.  3 and  4).  The  former  are  called 
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the  auricles.,  the  latter  the  ventricles — one  of  each  right 
and  left. 

The  blood-vessels  are  tubes  which  convey  the  blood 
over  the  body,  just  as  water-pipes  bring  the  fluid  which 
we  drink  to  us  from  the  reservoir.  They  are  of  three 
kinds,  called  respectively  arteries,  veins,  and  capillaries. 

The  largest  artery  in  the  body,  the  ao7ia,  marked  A in 
Fig.  I,  rises  out  of  the  left  ventricle  (see  Fig.  4).  It 
passes  upwards  at  first,  but  before  it  reaches  as  high  as 
the  collar-bone  it  arches  over,  and  descends  beside  the 
backbone,  right  down  to  the  loins.  There  it  divides  into 
two  branches  ; and  these  two,  after  running  a few  inches, 
again  divide  each  into  two  others,  and  so  on,  in  just  the 
same  manner  as  we  saw  the  bronchi  do  in  the  substance 
of  the  lungs.  All  down  the  trunk  of  the  aorta,  too,  there 
are  smaller  arteries  opening  out,  and  going  into  the 
head,  the  stomach,  the  liver,  and  all  the  upper  parts  of 
the  body ; and  these  side  pipes,  also,  each  in  its  turn, 
divides  and  subdivides. 

At  length,  the  tubes  becoming  narrower  with  every 
division,  the  smallest  blood-vessels  in  the  body  are  pro- 
duced. They  are  called  capillaries,  which  means  “ like 
hairs,”  because  they  are  so  exceedingly  tiny.  Indeed, 
they  are,  in  many  parts  of  the  body,  much  finer  than  the 
hairs  upon  our  heads,  being  only  about  one  three-thou- 
sandth of  an  inch  in  diameter.  These  tiny  vessels  form 
a network,  one  running  into  another ; and  the  meshes 
of  the  net  are  often  even  smaller  than  the  tubes  them- 
selves. There  are  an  immense  number  of  these  little 
tubes  in  every  organ,  and  nearly  every  tissue  of  the  body. 

But  after  the  capillaries  have  formed  a network,  there 
begins  the  reverse  process  to  that  which  has  already  been 
described  in  the  bronchi  and  in  the  arteries.  Two  capil- 
laries jom  together,  and  make  one  larger  vessel ; and  the 
tube  thus  formed  is  called  a vein. 

The  veins  continue  to  join  two  together  to  make  one 
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larger  trunk — exactly  the  opposite  process  from  what  we 
observed  in  the  arteries — until  at  length  they  end  in  two 
large  veins,  which  correspond  to  the  aorta  in  the  arterial 
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F^S-  3- — The  Right  Side  of  the  Heart  laid  open. 
a.  The  auricle  ; v,  the  ventricle  ; i,  the  vena  cava  superior,  cut  short,  and  having 
a style,  3,  3,  passed  through  it ; 2,  the  vena  cava  inferior ; 4,  4',  papillary 
muscles  ; 5,  5',  the  tricuspid  valve  ; 8,  the  pulmonary  artery,  showing  the  two 
branches  (cut)  into  which  it  divides,  one  going  toward  either  lung ; 7,  the 
semi-lunar  valves  of  the  pulmonary  artery,  represented  closed. 

system.  One  of  these  two  veins  collects  all  the  blood 
from  the  upper  part  of  the  body,  the  other  takes  all  from 
the  lower  portion ; both  of  them  open  into  the  right 
auricle  (see  Fig.  3).  They  are  named  the  vencE  cavce ; 
or,  separately,  the  inferior  and  the  superior  vena  cava. 

We  have  thus  a complete  round  of  pipes,  with  the 
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heart  as  a centre ; but  remember  that  the  largest  artery 
goes  out  of  the  left  side  of  the  heart,  while  the  two  largest 
veins  return  to  the  right  side  of  the  heart. 

The  arteries  carry  blood  away  from  the  heart ; the 
veins  bring  blood  back  to  the  heart ; and  the  capillaries 
are  tiny  thin-walled  vessels  which  form  the  co7n77iunication 
between  the  a7'te7"ies  a7id  veins.,  like  alleys  between  great 
streets.  When  these  three  kinds  of  pipes  are  carefully 
examined,  there  are  found  to  be  some  differences  in  their 
structure,  as  well  as  in  their  office. 

The  walls  of  the  capillaries  are  composed  of  a single 
coat — in  other  words,  the  capillaries  are  made  of  one 
skin  only ; and  this  is  exceedingly  thin  and  delicate. 
The  veins  and  arteries  each  have  three  coats,  or  layers 
of  tissue ; they  have  a lining  membrane,  and  a mixture 
of  elastic  fibrous  tissue  and  muscular  tissue  next  to  that, 
and  then  what  is  called  connective  tissue  outside.  The 
chief  difference  between  veins  and  arteries,  in  respect  of 
their  walls,  is  that  the  middle  coat  is  much  stronger  in 
the  arteries  than  it  is  in  the  veins  \ so  much  so  that  you 
can  tell  the  difference  between  the  two  kinds  of  vessels  in 
a dead  body  by  the  fact  that  the  cut  veins  fall  together, 
while  the  arteries  are  firm  enough  to  keep  open  of  them- 
selves at  their  cut  ends.  But  the  most  important  distinc- 
tion between  the  two  is  that  the  veins  nearly  all  have 
valves  in  them,  and  the  arteries  have  not.  These  valves 
are  little  pockets  of  skin,  shaped  like  a half  moon,  and 
placed  inside  the  veins  with  the  open  mouth  of  the 
pocket  turned  towards  the  heart.  So  long  as  the  blood 
flows  onward,  as  it  ought  to  do,  towards  the  heart,  it 
passes  over  the  back  of  the  valves  and  holds  them  flat 
against  the  side  of  the  vein ; but  if  the  blood  attempts 
to  flow  backwards,  towards  the  capillaries  instead  of  on 
to  the  venae  cavae,  it  catches  in  the  open  mouths  of  the 
half-moon-shaped  pockets,  and  they  swell  out  so  as  to 
form  a complete  obstacle  to  the  reflux  of  the  blood. 
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The  fluid  carried  by  this  system  of  pipes  is  the  Blood. 
We  all  know  what  blood  looks  like  to  the  naked  eye. 
Under  the  microscope,  however,  it  is  found  to  be  very 
much  more  complex  than  it  appears  at  first  sight.  It  is 
found  that  the  blood  is  really  made  up  of  a clear  white 
fluid,  and  two  different  kinds  of  little  bodies  which  float 
in  the  fluid.  The  little  bodies  are  called  the  blood  cor- 
puscles; the  fluid  in  which  they  float  is  the  plasma.^  or 
liquor  sa?iguinis.  Some  of  the  blood  corpuscles  are  red, 
some  white.  The  red  ones  give  the  colour  to  the  blood. 
They  are  much  smaller  than  the  white  ones,  but  are  also 
about  three  hundred  times  as  many  in  number.  The 
red  corpuscles  have  the  shape  of  a piece  of  money — 
round  and  flattened.  The  white  ones  are  very  remark- 
able for  the  fact  that,  in  living  blood,  they  continually 
change  their  shape ; first  there  is  a projection  on  one 
side  of  the  corpuscle,  and  then  slowly  that  draws  in  and 
another  part  projects,  and  so  their  outline  perpetually 
alters. 

The  phenomenon  of  coagulation.,  or  clotting  of  the 
blood,  shows  that  the  liquor  sanguinis  really  consists  of 
two  parts ; a stringy  substance  called  fibrin,  and  a thin 
watery  fluid  named  serum.  The  clot  consists  of  the 
corpuscles  bound  together  by  the  strings  of  fibrin,  and  the 
pale  yellow  liquid  which  can  be  seen  on  top  of  and 
around  about  the  clot  is  the  serum.  Thus  blood  con- 
sists of  liquor  sanguinis  and  corpuscles ; but  the  liquor 
sanguinis  is  made  up  of  two  elements,  serum  and  fibrin ; 
and  the  corpuscles  are  of  two  kinds,  red  and  white.  It 
is  generally  held  by  physiologists  that  the  white  cor- 
puscles are  merely  red  ones  in  an  early  stage,  and  that 
the  red  are  made  out  of  the  white. 

The  course  which  the  fluid  just  described  takes  in  ' 
passing  round  the  whole  system  is,  you  will  remember, 
having  the  heart  as  a centre,  as  follows  : — Leaving  the 
left  ventricle  by  the  aorta,  it  passes  through  the  arteries. 
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which  gradually  become  smaller  and  smaller  until  they 
terminate  in  capillaries,  through  which  the  blood  goes, 
and  so  reaches  the  veins,  and  returns  through  them  to 
the  right  auricle,  into  which  the  venae  cavae  open. 

Now,  the  blood  which  is  drawn  from  an  artery,  and 
that  which  is  drawn  from  a vein,  are  found  to  differ  con- 
siderably. Arterial  blood  is  bright  crimson ; venous 
blood  is  dark  purple.  Upon  closer  examination  it  is 
found  that  venous  blood  has  lost  between  leaving  the 
heart  and  reaching  the  veins  a large  quantity  of  a gas 
called  oxygen,  and  has  gained  about  an  equivalent  pro- 
portion of  a gas  called  carbonic  acid.  Now  it  is  perfectly 
plain  that  whatever  differences  there  are  between  the 
blood  in  the  arteries  and  that  in  the  veins  must  be 
produced  as  the  fluid  passes  through  the  capillaries 
which  join  the  arteries  and  the  veins.  Arterial  blood, 
therefore,  is  changed  into  venous  blood  as  it  passes 
through  the  small  vessels  which  communicate  between 
the  arteries  and  veins.  How  and  why  will  be  explained 
hereafter. 

Now,  there  remain  to  be  answered  three  questions 
which  have  very  likely  suggested  themselves  to  you,  and 
then  you  can  completely  understand  the  circulation  of 
the  blood.  These  are — Firsts  What  is  the  force  which 
propels  the  blood  on  that  long  journey  through  arteries, 
capillaries,  and  veins  ? Seco?id,  How  does  the  blood  get 
from  the  7'ight  side  of  the  heart,  to  which  it  returns 
through  the  venae  cavae,  into  the  left  side,  from  which  it 
sets  out  again  through  the  aorta  on  its  course  round  the 
system,  while  we  know  that  there  is  a complete  partition 
between  the  two  halves  of  the  heart  ? Third.,  We  have 
seen  that  arterial  blood  is  changed  into  venous  in  pass- 
ing through  the  capillaries  of  the  body ; but  where  is 
that  venous  blood  rechanged  into  arterial  once  more  ? 
These  things  are  now  to  be  explained. 

It  is  the  heart  which,  by  its  action,  supplies  the  main 
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force  that  carries  the  blood  around  the  body.  The  heart 
is  really  a hollow  muscle.  The  peculiar  property  of 
muscle,  as  you  learned  in  connection  with  the  mechanism 
of  respiration,  is  that  of  contraction — viz.,  of  becoming 
shorter  and  thicker,  gaining  as  much  in  thickness  as  it 
loses  in  length.  The  muscular  action  of  the  heart  is  an 
instance  of  the  fact  that  many  muscles  in  the  body  are 
not  under  the  control  of  our  will.  When  the  muscles  in 
our  arms  contract,  they  do  so  because  we  order  it ; but 
we  have  no  need  to  command  the  beating  of  our  hearts. 
It  is  clear  that  it  would  be  impossible  for  us  to  maintain 
by  an  effort  of  the  will  the  continued  action  which  is 
required  in  these  muscles  of  organic  life.  Suppose  we 
had  to  control  the  beating  of  our  hearts,  a muscular 
movement  which  never  ceases.  How  weary  we  should 
come  to  be ; yet  to  rest  would  be  to  die.  How  soon 
we  should  disorder  the  regularity  of  the  beats ; yet  upon 
their  rhythm  depend  our  lives.  We  could  not  live  at  all 
if  muscular  action  were  not  sometimes  involuntary. 

Each  involuntary  muscle  is  excited  to  act,  through 
the  agency  of  the  nervous  system,  by  some  cause  pecu- 
liar to  itself,  which  is  called  its  stimulus.  The  stimulus 
to  the  heart  is  its  filling  with  blood.  So  when  the  venae 
cavae  bringing  back  the  blood  pour  it  into  the  top  part 
of  the  right  side  of  the  heart — the  right  auricle — the 
muscular  fibre  begins  to  contract  as  soon  as  the  blood 
fills  the  cavity.  All  the  sides  of  the  auricle  become 
thicker  and  shorter.  In  this  way,  a moment’s  thought 
shows,  the  cavity  must  become  very  much  smaller ; and 
when  the  muscular  contraction  is  complete  the  sides  of 
the  auricle  are  drawn  almost  close  together,  and  there 
remains  no  cavity  at  all.  This  is  what  happens  directly 
the  auricle  is  full  of  blood ; so  clearly  the  blood  cannot 
stay  there. 

The  contracting  muscle  pushes  the  fluid  out.  There 
are  two  exits  from  the  auricle,  by  one  of  which  the  blood 
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must  leave  it ; there  are  the  mouths  of  the  tubes  by 
which  it  came  in,  and  there  is  the  opening  leading  to  the 
lower  half  of  the  same  side  of  the  heart,  the  ventricle 
(see  Fig.  3).  But  the  mouths  of  the  venae  cavae  are 
filled  up  by  the  mass  of  the  blood  waiting  to  get  into  the 
auricle ; while  the  auriculo-ventricular  apC7'ture  (as  the 
opening  between  the  auricle  and  the  ventricle  is  called) 
is  quite  free,  and  no  resistance  is  there  offered.  Natu- 
rally the  blood  rushes  through  the  aperture,  where  it 
finds  no  obstacle,  and  fills  the  ventricle,  only  a few  drops 
trickling  back  into  the  venae  cavae.  Thus  we  get  the 
blood  into  the  right  ventricle. 

Out  of  the  right  ventricle  there  opens  a large  artery, 
called  the  Piilmonmy  (Figs,  i and  3).  This  artery 
divides  into  two,  after  the  manner  of  all  similar  tubes. 
One  of  its  branches  goes  into  each  lung,  and  in  the  lung 
substance  they  divide  and  subdivide,  side  by  side  with 
the  branches  of  the  windpipe,  until  they  end,  like  other 
arteries,  in  capillaries. 

The  pulmonary  capillaries  are  exceptionally  small, 
and  the  meshes  of  the  network  which  they  form  are 
very  close.  The  tiny  blood-vessels  surroufid  the  air- 
cells,  and,  as  it  were,  cover  them  with  a net.  Moreover, 
generally  the  capillaries  lie  between  two  of  the  funnel- 
shaped  groups  of  air-cells  in  which  the  smallest  bronchial 
tubes  terminate,  and  thus  have  air-cells  on  either  side  of 
them.  By  this  arrangement,  the  air  and  the  blood  are 
only  kept  apart  from  each  other  by  the  two  very  fine 
skins  of  which  the  vessels  and  cells  are  respectively 
made.  Try  to  understand  this,  for  you  will  hear  the 
purpose  of  it  presently. 

As  soon  as  the  right  ventricle  is  filled  by  the  con- 
traction of  the  auricle,  it  begins  to  contract  in  its  turn. 
Here  again  there  are  two  ways  for  the  blood  to  run  ; 
there  is  the  opening  leading  back  into  the  auricle,  and 
there  is  the  mouth  of  the  pulmonary  artery.  If  there 
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were  nothing  to  prevent  it  from  doing  so,  it  certainly  would 
run  back  into  the  empty  auricle,  for  the  pulmonary  artery 
already  has  blood  in  it. 

But  then  there  is  something  to  prevent  it  from  run- 
ing  backwards,  just  as  the  valves  in  the  veins  prevent  a 
similar  catastrophe.  On  both  sides  of  the  heart,  the 
auriculo-ventricular  aperture  is  guarded  by  valves.,  which 
prevent  the  regurgitation  of  blood  from  the  ventricle  into 
the  auricle,  while  they  offer  no  obstacle  at  all  to  the  passage 
of  blood  downwards  from  the  auricle  into  the  ventricle. 

This  arrangement  must  be  studied  a little  more  in 
detail.  The  heart  is  lined,  as  well  as  covered  externally, 
by  a tough  skin.  The  lining  membrane  is  called  the 
endocardhwi.  At  both  auriculo-ventricular  apertures,  this 
membrane  forms  three-cornered  flaps,  just  large  enough 
to  cover  and  close  the  opening  between  auricles  and 
ventricles.  The  arrangement  is  the  same  on  both  sides 
of  the  heart,  with  the  difference  in  detail  that  on  the 
right  side  there  are  three  flaps,  and  on  the  left  there  are 
but  two.  The  three  make  the  tricuspid  valve,  the  two 
form  the  7nitral  valve. 

When  the  blood  runs  into  the  ventricles,  it  gets  be- 
hind the  flaps,  and  raises  them  up,  until  their  points  meet 
in  the  middle  of  the  hole  and  close  it  completely.  Fine 
cords  of  tendinous  fibre  run  from  the  sides  and  tips  of 
the  flaps  to  the  walls  of  the  ventricles,  and  prevent  the 
points  of  the  valves  being  pushed  by  the  blood  right 
through  into  the  auricle,  holding  them  just  in  the  right 
position,  so  that  they  completely  fill  up  the  aperture. 

These  tendinous  cords  are  exactly  long  enough  to 
keep  the  sides  and  points  of  the  flaps  touching  each 
other  when  the  ventricles  are  fully  distended,  with  their 
walls  as  far  apart  as  they  can  possibly  be.  When  the 
heart  contracts,  and  the  sides  draw  nearer  and  nearer 
together  till  there  is  no  cavity  left,  the  space  over  which 
the  cords  extend  (that  is,  from  the  wall  of  the  ventricle 
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to  the  sides  of  the  flaps)  is,  of  course,  much  diminished. 
Thus  it  seems  that  they,  remaining  still  the  same  length, 
must  lose  their  usefulness  ; their  tension  must  slacken, 
and  so  permit  the  blood  to  squeeze  the  points  of  the 
valves  up  into  the  auricle,  at  the  very  moment  when  it 
is  most  important  that  this  should  not  happen.  It  would 
probably  be  quite  an  enigma  to  most  of  us  if  we  were 
asked  by  what  means  this  disaster  could  be  prevented. 

It  is  prevented  in  the  following  wonderfully  beautiful 
manner.  The  ends  of  the  cords  are  not  affixed  to  the 
side  of  the  heart  itself,  but  to  certain  little  projections  of 
muscle,  fastened  at  their  base  to  the  wall  of  the  ventricle 
and  standing  out  into  its  cavity ; these  have  the  tendinous 
cords  attached  to  their  tips.  These  pillar -like  projections 
are  called  the  papillary  muscles.  When  the  heart  con- 
tracts, they  do  likewise  at  the  same  moment ; and  thereby 
becoming  shorter,  they  carry  down  the  ends  of  the  cords, 
precisely  as  far  as  is  necessary  to  maintain  the  tension, 
and  to  hold  the  valves  firmly  in  their  place  until  the 
ventricle  is  empty  and  the  contraction  ceases.  Is  not 
this  a beautiful  arrangement  ? 

Now  let  us  return  to  our  study  of  the  progress  of 
the  blood.  We  left  it  at  the  point  when  the  contraction 
of  the  right  auricle  had  pushed  the  venous  blood  that  the 
venae  cavae  had  poured  into  it,  on  into  the  right  ventricle. 
This  blood,  prevented  by  the  tricuspid  valve  from  run- 
ning backwards  into  the  auricle,  must,  when  the  ventricle 
contracts,  pass  on  into  the  pulmonary  artery,  through 
which,  as  was  before  explained,  it  gets  into  the  lung  capil- 
laries. The  pulmonary  artery,  therefore,  contains  dark 
venous  blood.  It  is  the  only  artery  in  the  body  which 
does  so  ; but  it  is  still  an  artery,  because  it  carries  blood 
away  from  the  heart. 

The  pulmonary  capillaries  (in  the  lungs),  like  those  of 
the  whole  system,  join  two  together  to  make  a vein,  and  the 
veins  continue  to  increase  in  size  and  decrease  in  number 
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by  the  same  process,  until  at  last  four  great  pulmonary  veins 
are  made,  which  open  into  the  left  auricle  (Fig.  4).  Thus 
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Fig.  4. — The  Left  Side  of  the  Heart  laid  open. 

i'  In  the  left  auricle  ; and  8 in  the  left  ventricle  ; i,  i,  styles  (that  is,  pieces  of 
whalebone)  passed  through  two  of  the  pulmonary  veins,  showing  where  they 
open  into  the  auricle  ; the  veins  shown  are  cut  off  short,  and  the  other  two 
have  been  removed  with  the  front  wall  of  the  auricle  ; 2,  a small  portion  of 
the  substance  of  the  heart  which  has  been  left  around  the  auriculo-ventricular 
aperture  ; 3,  4,  wall  of  the  ventricle  ; 5,  5,  papillary  muscles,  with  the  cordae 
tendinae  attached ; 6,  6',  mitral  valve  ; 7',  the  aorta,  cut  off  just  above  the 
heairt ; 7,  placed  inside  the  aorta,  which  is  cut  open  at  its  root  to  show  its 
semi-lunar  valves  ; 8,  8,  style  passed  through  the  aorta, 

you  see  how  the  blood  gets  from  the  one  half  of  the 
heart  into  the  other  j to  get  from  the  right  side  into  the 
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left,  it  goes  through  the  lungs  ; to  get  from  the  left  side 
back  to  the  right,  it  travels  all  over  the  body. 

Furthermore,  just  as  the  pulmonary  artery  is  the  only 
artery  holding  dark  blood,  so  the  pulmonary  veins  are  the 
only  veins  which  carry  bright  arterial  blood.  For  as  the 
blood  was  changed  from  light  to  dark  in  passing  through 
the  capillaries  of  the  body,  so  in  passing  through  those 
of  the  lungs  it  regains  a brilliant  scarlet  hue.  The  cause 
of  and  the  reason  for  these  changes  will  form  the  subject 
of  the  next  chapter. 

Now,  you  will  observe,  the  three  questions  put  a few 
pages  back  are  fully  answered. 

As  soon  as  the  left  auricle  is  filled  by  blood  from 
the  pulmonary  veins,  it  contracts  and  pushes  the  blood 
on  into  the  left  ventricle.  Out  of  this,  as  we  already 
know,  the  aorta  opens,  and  through  it  the  blood  starts 
again  on  its  journey  all  over  the  body.  About  a tea- 
cupful of  blood  is  sent  on  in  its  course  with  every  beat 
of  the  heart. 

Although  the  action  of  the  heart  takes  some  time  to 
explain,  it  is  very  rapidly  performed.  The  two  auricles 
contract  at  one  and  the  same  moment,  and  the  two 
ventricles  also  together  the  next  instant ; and  the  whole 
of  what  has  just  been  described  occurs,  on  an  average, 
seventy  times  in  every  minute. 

The  aorta  and  the  pulmonary  artery  have  valves 
at  their  mouths,  consisting  in  each  case  of  three  pockets 
of  membrane,  shaped  like  the  half-moon,  and  thence 
called  the  semi-lunar  valves,  which  prevent  the  blood 
running  back  into  the  heart ; but  the  other  arteries 
have  not  any,  and  you  can  now  see  the  reason  why 
veins  should  have  valves,  and  why  arteries  do  not  need 
them.  It  is  because  (in  addition  to  the  presence  of 
much  more  elastic  tissue  in  the  arterial  coats  than  in 
those  of  the  veins)  the  force  of  the  heart’s  contraction  has 
full  influence  over  the  arteries,  but  is  much  weakened 
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before  it  reaches  the  veins,  by  being  diffused  over  the 
capillaries. 

Now,  let  us  briefly  take  a view  of  the  circulation  as 
a whole. 

The  blood  is  carried  away  from  the  left  ventricle  by 
the  aorta,  and  conveyed  all  over  the  body  by  a system 
of  branching  and  dividing  arterial  tubes.  These  tubes 
finally  divide  into  very  small  and  thin- walled  vessels,  called 
capillaries,  in  passing  through  which  the  blood  changes 
its  colour,  becoming  much  darkened.  The  capillaries 
join  one  into  another  to  form  veins,  and  the  veins,  by 
continuously  uniting  together,  at  length  make  only  two 
large  tubes,  the  venae  cavae,  which  open  into  the  right 
auricle,  and  pour  the  blood  into  that  cavity  of  the  heart. 
The  right  auricle  contracts  and  sends  the  blood  into  the 
right  ventricle,  whence  it  passes  into  the  pulmonary 
artery,  and  thus  through  the  capillaries  of  the  lungs, 
where  its  colour  is  re-altered  to  bright  scarlet.  The  pul- 
monary veins  return  it  to  the  left  auricle,  which  con- 
tracts and  sends  it  into  the  left  ventricle,  from  whence 
it  again  enters  the  aorta,  to  proceed  round  the  body  as 
before. 

The  circulation  through  the  lungs  is  termed  the 
pulmona7y.,  or  the  lesser  ciixulation ; that  round  the 
whole  body  is  styled  the  systemic.,  or  the  gi'eater  cir- 
culation. The  circulation  is  far  more  rapid  than  is 
usually  supposed.  The  blood  streams  through  the  great 
arteries  at  about  the  rate  of  ten  inches  in  a second,  and 
even  in  the  capillaries,  where  it  is  slowest  in  movement, 
it  goes  at  about  the  rate  of  an  inch  in  a second. 

A peculiarity  in  the  arrangement  of  the  blood-vessels 
supplying  some  of  the  abdominal  organs  will  be  noticed 
in  connection  with  the  liver. 


CHAPTER  IV. 


BREATHE  FRESH  AIR. 

Now,  we  will  go  on  in  this  chapter  to  connect  the  two 
preceding  ones  together,  and  to  see  how  they  show  and 
impress  upon  us  the  importance  of  breathing  fresh  pure 
air ; of  ventilating  our  dwelling-houses,  and  preserving 
open  spaces  in  our  towns. 

The  two  facts  mentioned  in  those  chapters  that  must 
be  particularly  remembered  now  are — the  way  in  which 
capillaries  and  air-cells  are  intermingled  with  each  other 
in  the  lungs  ; and  how  the  blood  is  altered  by  its  passage 
through  the  capillaries,  both  those  of  the  lungs  and  of 
the  system  generally. 

The  atmospheric  air  that  surrounds  us,  and  which 
we  draw  into  and  send  out  of  our  lungs  as  our  breath, 
is  mainly  composed  of  the  gases  oxygen  and  7iih'ogen^ 
but  it  has  also  a dash  of  a third  gas,  ca7‘bonic  acid.  In 
perfectly  pure  fresh  air  the  chemist  finds  that  in  every 
ten  thousand  parts  there  are  about 

7900  parts  of  Nitrogen  Gas, 

2100  parts  of  Oxygen  Gas, 

3 parts  of  Carbonic  Acid  Gas. 

This  is  the  chemical  composition  of  the  pure  air 
which,  in  a healthy  and  properly  ventilated  place,  we 
draw  down  into  our  lungs.  But  the  air  which  comes 
out  of  the  lungs  has  several  very  important  differences 
from  that  which  went  in.  When  the  chemist  examines 
the  expired  air  he  finds  that,  in  the  short  time  that  it 
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was  in  the  lungs,  it  has  gained  about  four  a7id  a half 
parts  in  every  one  hundred  of  carbonic  acid,  and  has 
lost  just  about  as  much  oxygen ; that  is  to  say,  expired 
air  contains  about 

1650  parts  of  Oxygen  Gas, 

450  parts  of  Carbonic  Acid  Gas, 
in  ten  thousand  parts,  and  only  the  nitrogen  remains 
practically  unaffected  by  the  breathing  of  the  air. 

Expired  air  differs  also  from  pure  air  (^z),  by  being 
warmer ; if)  by  having  more  moisture  in  it ; if)  by  con- 
taining a certain  quantity  of  organic  (that  is,  animal) 
matter. 

The  most  remarkable  of  these  several  changes  is 
that  in  the  proportions  of  the  oxygen  and  carbonic  acid. 
How  great  the  difference  between  the  fresh  air  that  we 
inspire  and  the  air  that  we  expire  is  in  this  respect,  a 
very  simple  little  experiment  will  show.  I hope  every 
one  of  my  readers  will  perform  it  according  to  the  fol- 
lowing instructions  : — 

Get  a pennyworth  of  lime-water  from  the  chemist,  and 
let  a little  of  it  stand  out  of  doors  in  a shallow  saucer,  fully 
exposed  to  the  air  for  several  hours.  Then  stir  it  up,  and 
leave  it  for  about  another  hour.  Upon  inspection  at  the 
end  of  that  time  a thin  white  film  will  be  seen  lying  like  a 
veil  upon  the  surface  of  the  clear  fluid.  Next  put  some 
more  of  the  fresh  lime-water  into  a wine-glass,  and 
breathe  into  it  through  a straw,  or  a roll  of  paper,  or 
other  tube.  You  will  see  that  three  or  four  breaths  of 
expired  air  will  cause  the  lime-water  to  become  far  more 
turbid  and  milky-looking  than  it  became  by  standing  for 
many  hours  exposed  to  the  pure  air  which  we  inspire. 

The  chemical  explanation  of  this  turbidity  is  that 
carbonic  acid  comes  out  of  the  lungs  in  the  breath,  and, 
mixing  with  the  lime  in  solution,  forms  carbonate  of 
lime  {i.e.  chalk),  which,  depositing  in  tiny  fragments,  is 
seen  as  a milky  hue. 
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You  may  make  carbonic  acid  gas,  and  see  that  it 
produces  in  lime-water  the  change  described,  by  the 
simple  process  of  pouring  a little  dilute  hydrochloric  acid 
(which  is  often  called  spirits  of  salts,  and  of  which  a 
small  quantity  can  be  bought  for  a penny  or  two)  upon 
some  pounded  chalk,  or  carbonate  of  soda,  or  some  of 
the  housemaid’s  whitening.  A great  fizzing  and  bubbling 
begins  directly  this  is  done,  and  the  gas  is  sent  off.  It 
is  invisible,  but  you  can  readily  become  certain  of  its 
existence.  If  you  take  a piece  of  lighted  taper  or  candle 
fixed  on  to  the  lower  end  of  a wire  bent  upwards  into  the 
shape  of  the  written  letter  and  lower  it  into  the  vessel 
in  which  the  gas  is  made,  keeping  it  quite  out  of 
reach  of  the  bubbles,  you  will  find  that  the  light  goes 
out,  so  that  you  can  be  sure  there  is  something  there 
other  than  the  ordinary  air. 

Now,  by  passing  this  gas  that  puts  the  candle  out 
into  lime-water,  you  learn  that  it  really  is  carbonic 
acid  gas ; because  it  is  distinctive  of  that  gas  to  make 
carbonate  of  lime  when  mixed  with  lime-water  and  to 
put  out  a flame.  If  possible,  the  acid  and  chalk  should 
be  mixed  together  Jn  a bottle  fitted  with  a tight  cork 
that  has  a bent  glass  tube  passed  through  it,  by  means 
of  which  the  gas  can  be  conveyed  into  lime-water.  But 
if  you  cannot  get  this  little  apparatus,  you  can  make  the 
gas  in  a mug,  and  hold  that  vessel  over  the  glass  in 
which  you  have  your  fresh  lime-water  in  such  a manner 
that  not  a drop  of  the  acid  and  chalk  falls  down,  but  so 
that  something  would  pass  from  the  mug  into  the  glass 
if  the  former  were  quite  full  of  fluid.  In  whichever  way 
the  gas  is  passed  into  the  lime-w^er,  you  will  see  that 
that  clear  fluid  becomes  turbid  in  consequence,  just  as 
it  did  when  you  breathed  into  it.  That  which  passes 
from  the  lungs,  altering  the  lime-water’s  tint  when 
breathed  into  it,  is,  therefore,  carbonic  acid  gas. 

Now,  when  you  remember  the  fact  that  the  colour  of 
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the  blood  is  changed  in  the  lungs,  you  may  at  once  guess 
that  there  is  some  connection  between  that  fact  and  the 
difference  between  inspired  and  expired  air.  Such  is, 
in  truth,  the  case.  The  darker  blood  is,  the  more  car- 
bonic acid  gas  and  the  less  oxygen  it  has  in  it,  and  vice 
versa.  The  blood  becomes  of  a lighter  shade  in  the 
lungs  by  absorbing  oxygen  out  of  the  air  and  giving  up 
to  the  air-cells  in  exchange  carbonic  acid  gas. 

It  has  been  said  how  closely  in  contact  with  each  other 
in  the  lung  substance  are  the  pulmonary  capillaries  and 
the  air-cells.  Thus,  the  dark  venous  blood  sent  from  the 
right  ventricle  into  those  capillaries,  and  the  inspired  air 
drawn  in  through  the  windpipe  to  those  cells,  are  only 
separated  from  each  other  by  two  fine  skins — that  is  to 
say,  by  the  membrane  of  which  the  cells  and  blood- 
vessels are  respectively  made. 

Nevertheless,  thin  though  these  skins  are,  they  still 
are  there ; and  carbonic  acid  can  only  get  out  of  the 
blood,  and  oxygen  can  only  get  in,  provided  it  is  a possi- 
bility for  gases  to  pass  through  fine  membranes.  Now, 
the  question  comes.  Can  this  take  place?  Experiment 
at  once  replies — Yes,  it  can.  Thin  porous  membranes  pre- 
sent no  real  obstacle  to  the  admixture  of  different  gases. 
Thus,  if  a chemist  puts  a bladder  filled  with  carbonic 
acid  into  a jar  full  of  oxygen,  and  shuts  them  up  for  a 
given  time,  the  gases  will  be  found  to  have  mixed  with 
one  another  at  last,  as  completely  as  they  would  have 
done  if  there  had  been  no  bladder  between  them  at  all. 

In  like  manner,  gases  mix  with  one  another,  with 
more  or  less  rapidity,  according  to  circumstances,  when 
there  is  no  skin  between  them.  This  is  mainly  how  it  is 
that  we  can  ventilate  our  rooms ; for  but  for  this  fact  the 
only  way  in  which  we  could  change  the  air  in  our  dwell- 
ings would  be  by  actually  driving  out  the  old  and  driving 
in  the  new,  with  a fan  or  a pair  of  bellows ! But  different 
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gases  naturally  tend  to  mix  so  rapidly  and  readily  that 
we  are  spared  any  such  necessity. 

Thus  it  is,  also,  that  we  get  the  carbonic  acid  out  of 
our  blood  respired  into  the  external  air,  and  get  the  oxygen 
out  of  the  fresh  air  sent  down  to  the  blood,  notwithstand- 
ing that  each  breath  as  it  is  drawn  never  can  penetrate 
directly  down  to  the  air-cells.  The  residual  and  reserve  air, 
always  stationary  in  the  chest,  acts  as  the  carrier  between 
the  tidal  air  and  the  farthermost  air-cells.  The  carbonic 
acid  mixes  with  it  on  the  one  side  and  the  oxygen  on 
the  other,  and  so  by  degrees  these  gases  reach  their  final 
place — in  the  case  of  the  oxygen,  the  blood ; in  that  of 
the  carbonic  acid,  the  windpipe  and  the  outer  air. 

Now,  whenever  a certain  effect  always  and  invariably 
follows  from  a certain  set  of  causes,  the  occurrence  is 
said  to  be  according  to  a laiv  of  Nature ; and  the  fact 
that  gases  tend,  under  given  conditions  (which  you  may 
find  more  fully  set  out  in  works  on  physics),  to  mix 
with  one  another,  whether  separated  by  a membrane  or 
not,  is  expressed  as  being  according  to  “The  Law  of 
the  Diffusion  of  Gases.” 

When  the  dark  venous  blood  in  the  pulmonary 
capillaries  is  brought  against  the  air  in  the  air-cells,  then, 
what  happens  is  that,  according  to  the  law  of  the  diffusion 
of  gases,  the  blood  gives  up  carbonic  acid  gas  to  the  air- 
cells,  and  the  air-cells  give  up  oxygen  to  the  blood.  The 
immediate  result  to  the  blood  is  a change  in  tint ; it 
becomes  bright  scarlet.  It  passes  on  forthwith  through 
the  pulmonary  veins  to  the  left  auricle,  thence  to  get  into 
the  arterial  pipes,  and  so  to  go  round  the  body,  to  be  changed 
once  more  into  dark  venous  blood  in  the  capillaries  of  the 
greater  circulation  in  the  way  to  be  presently  explained. 

The  red  corpuscles  of  the  blood  suck  in  oxygen  gas 
something  as  a sponge  draws  in  water ; and  this  makes 
them  lighter  in  tint,  so  that  the  whole  mass  of  the  blood, 
which  receives  its  hue  from  them,  becomes  bright  in 
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colour  in  consequence  of  the  presence  of  oxygen,  and 
darkens  as  the  oxygen  leaves  the  blood  in  its  progress 
round  the  body. 

“As  the  oxygen  leaves  the  blood?”  Yes;  you 
could  guess  that,  since  the  blood  becomes  darkened 
again  in  hue  as  it  proceeds  through  the  systemic  capil- 
laries, it  must  there  lose  some  of  its  oxygen  and  gain 
some  more  carbonic  acid.  In  fact,  every  creature  “ breath- 
ing the  breath  of  life  ” may,  without  metaphor,  be  said 
to  be  a gaswork,  manufacturing  carbonic  acid  gas  ! 

This  statement  may  appear  startling ; but  none  the 
less  it  is  true.  The  sole  aim  and  purpose  of  breath- 
ing, and  the  main  object  of  the  circulation,  is  to  bring 
into  the  body  the  materials  of  which  that  living  gaswork 
makes  carbonic  acid  gas  (water  being  also  produced  by 
the  same  process),  and  to  remove  the  gas  out  of  the  body 
when  it  is  made. 

Of  course,  we  do  not  make  carbonic  acid  gas  as  a cotton- 
factory  makes  calico,  and  as  a coal-gas  company  makes 
that  gas — because  of  the  use  that  the  manufactured 
article  will  be  when  ready.  We  do  not  make  carbonic 
acid  gas  for  this  reason.  The  reason  why  we  do  make  it  is 
that  all  the  heat  of  our  bodies.,  and  therefore  our  vital  force 
and  strength  are  produced  by  the  process  which  results  in 
the  making  of  carbonic  acid  gas  and  water. 

As  the  water  is  of  the  lesser  account  for  our  purpose 
of  study,  we  will  set  it  aside  in  a few  words.  Water  con- 
sists of  hydrogen  and  oxygen ; the  former  enters  in  the 
food  that  we  eat,  the  latter  in  our  breath ; and  in  all 
parts  of  the  body  these  two  elements  join  together,  form- 
ing water  by  their  combination,  and  producing  a certain 
amount  of  heat  as  they  combine. 

The  bulk  of  the  animal  heat,  however,  comes  from 
the  combination  of  carbon  and  oxygen  by  which  carbonic 
acid  gas  is  made.  This  gas  is  composed  of  the  two 
elements  just  named.  Carbon,  like  hydrogen,  we  take 
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in  with  our  food,  as  will  be  farther  explained  by  and  by ; 
oxygen^  we  take  in,  as  already  shown,  by  our  breathing. 
The  carbon,  going  round  in  the  blood  as  digested  food,  be- 
comes part  of  the  tissues  ; the  oxygen,  carried  over  the  body 
in  the  red  blood  corpuscles,  acts  upon  and  unites  with  the 
carbon  and  hydrogen  in  the  tissues  as  the  blood  runs 
along  the  exceedingly  thin-walled  capillary  vessels — 
gases  being  able  to  pass  through  membranes ; and 
thus  carbonic  acid  and  water  are  produced.  In  effect, 
this  process  is  burning  up  of  certain  portions  of  the 
food  and  waste  particles  of  the  tissues ; and  just  as 
burning  of  any  substance  outside  the  body  produces  heat^ 
and,  if  properly  applied  (as  in  the  steam-engine),  force^  so 
does  the  burning  of  carbon  in  the  body  produce  heat 
and  force.  Thus  it  comes  about  that  the  internal  tem- 
perature of  the  body  is  nearly  the  same  in  the  hottest 
and  the  coldest  of  climates.  Whatever  the  external  tem- 
perature may  be,  the  animal  heat  of  a healthy  human 
body  keeps  at  an  average  of  98J  degrees,  simply  because 
the  body  provides  its  own  fire,  and  is  independent  to  a 
great  extent  of  external  heat. 

The  chemical  changes  which  evolve  heat  are  more 
rapid  (that  is  to  say,  the  fire  burns  more  fiercely),  and 
therefore  the  blood  becomes  hotter  in  some  tissues  than 
in  others ; and,  conversely,  the  blood  loses  heat  in 
passing  through  the  lungs  and  the  skin ; but  the  quick- 
ness of  the  circulation  of  the  blood  keeps  the  heat 
equalised  all  over  the  system. 

I have  just  said  that  the  mixing  of  carbon  and  hydro- 
gen with  oxygen,  and  the  consequent  production  of  car- 
bonic acid  and  water,  is,  in  effect,  burning ; this  is  the 
same  thing  as  if  I had  said  that  the  essence  of  burning 
is  the  union  of  these  three  elements.  So  it  is.  A candle, 
or  wood,  or  any  other  substance  that  burns,  is  chiefly 
composed  of  carbon,  with  some  hydrogen,  and  in  burning 
it  draws  oxygen  to  itself,  and  unites  it  with  the  carbon 
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and  hydrogen,  producing  carbonic  acid  gas  and  water. 
I'his  statement  is  easily  proved  by  the  following  experi- 
ment : — 

Have  ready  a piece  of  candle  upon  the  tip  of  a bent 
wire,  as  for  the  previous  experiment  (page  32).  Then 
take  about  another  inch  of  candle,  and  warm  the  end  of 
it,  so  that  it  will  stand  upright  upon  a plate.  Light  it  as 
it  stands  there,  and  turn  a tumbler  down  over  it.  The 
larger  the  glass  the  more  effective  the  experiment 
will  be.  A soda-water  tumbler  is  excellent  for  the 
purpose. 

Then  what  do  you  see?  Why,  the  flame  of  the 
candle  begins  to  flicker  and  grow  dim — it  burns  with 
difficulty — and  presently  it  goes  quite  out 

The  reason  for  this  is  simple.  As  explained  above, 
the  candle  burns  because  the  carbon  (in  the  form  of 
grease),  of  which  it  is  made,  mixes  with  the  oxygen  of  the 
air,  and  carbonic  acid  gas  is  produced  by  the  union. 
When  the  tumbler  is  turned  down  over  the  candle  the 
supply  of  oxygen  is  limited  ; by  degrees  the  whole  of  that 
gas  in  the  confined  portion  of  air  is  used  up,  and  its 
place  is  taken  by  carbonic  acid ; and  then,  when  there  is 
no  more  oxygen  for  the  carbon  to  unite  with,  the  com- 
bustion cannot  continue,  and  the  light  goes  out. 

To  continue  the  experiment  a little  farther  proves 
that  carbonic  acid  gas  is  produced  by  the  burning  of  the 
candle.  Having  your  candle  upon  the  bent  wire  ready 
lighted,  put  one  hand  upon  the  glass,  and  turn  the  whole 
apparatus  upside  down.  Then,  sliding  the  plate  off,  dip 
the  lighted  candle  quickly  into  the  tumbler,  and,  pro- 
vided you  have  been  sharp  enough,  you  will  see  this 
flame  expire  instantly. 

Now,  just  as  the  candle  must  of  necessity  cease 
burning  when  it  can  get  no  more  oxygen,  so  we  can  no 
longer  live  when  we  are  utterly  deprived  of  air.  The 
state  of  a human  being  who  is  placed  in  circumstances  in 
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which  he  has  no  oxygen  to  breathe  is  described  as  suffo- 
cation.,  or  asphyxia  ; that  is  death. 

Scientific  reasoning  would  show  us  that  this  must  be 
so.  The  union  of  carbon  and  oxygen  in  all  parts  of  the 
body  is  the  source  of  animal  heat  and  vital  force ; car- 
bonic acid  gas,  which  is  produced  by  that  union,  is  waste 
matter,  and  the  blood  needs  to  get  rid  of  it,  at  the  same 
time  that  it  needs  to  take  in  fresh  oxygen.  The  phrase, 
“ the  lamp  of  life,”  is  thus  no  unmeaning  metaphor.  In 
very  truth  the  lamp  must  unceasingly  burn,  and  when  it 
expires  the  body  lies  inert,  motionless,  dead.  As  the 
candle  dies  when  it  has  no  fresh  air,  so  in  the  same  cir- 
cumstances, for  exactly  the  same  reasons,  expires  the  vital 
spark  in  man. 

Our  combustion  produces  no  flame,  because  it  is 
much  slower  than  that  of  the  candle,  and  is  damp  and 
smothered.  In  fact,  it  may  be  compared  to  smouldering 
rather  than  to  fierce  burning,  and  we  have  thus  heat 
without  flame. 

We  could  have  known,  then,  by  scientific  reasoning, 
that  if  persons  were  completely  deprived  of  fresh  air,  by 
slow  degrees  the  carbonic  acid  would  come  out  of  their 
lungs  to  poison  the  air  they  had,  and  the  oxygen  would  be 
drawn  in  and  used  up,  and  the  final  end  would  be  death. 
But,  unhappily,  we  have  proofs  of  the  accuracy  of  such 
reasoning.  In  a few  sad  cases  death  actually  has  been 
caused  by  deficiency  of  ventilation. 

One  of  the  places  in  which  human  beings  have  suf- 
fered and  died,  by  the  operation  of  the  same  causes  as 
made  the  candle  flicker  and  expire  beneath  the  glass,  is 
mournfully  remembered  in  English  history  as  “ the  Black 
Hole  of  Calcutta.”  In  the  year  1756, 146  English  prisoners 
of  war  were  confined  by  the  tender  mercies  of  one  of  the 
native  princes  of  Bengal  in  a dungeon  of  only  eighteen  feet 
square,  with  two  small  windows,  both  in  one  wall.  The 
146  poor  creatures  were  forced  into  that  hole,  and  left, 
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closely  packed,  through  one  hot  and  sultry  night ; and 
there,  while  the  Ameer  slept,  his  victims  one  by  one  pain- 
fully died  of  lack  of  oxygen  in  their  poisoned  blood.  When 
the  door  was  opened  in  the  morning  there  were  but 
twenty-three  living  persons  there.  The  one  terrible  night 
had  quenched  for  ever  the  lamp  of  life  in  123  men  who 
had  been  in  the  full  pride  of  health  and  strength  the  day 
before.  More  recently  (in  1848)  the  hatches  on  board 
the  Irish  steamer  Londonderry  were  battened  down 
tightly  during  a storm,  and  when  they  were  lifted 
seven  hours  after,  ninety  of  the  150  passengers  had 
fallen  victims  to  the  accumulated  carbonic  acid. 

Thus,  then,  the  effect  of  a cofnplete  deprivation  of  a 
supply  of  fresh  air  is  death.  When  the  atmosphere  has  lost 
half  its  proper  quantity  of  oxygen,  and  the  carbonic  acid 
is  increased  so  as  to  form  ten  in  every  one  hundred  parts 
of  the  air,  life  cannot  exist  in  it.  An  animal  placed  in 
such  an  atmosphere  as  this  will  immediately  die. 

But  very  much  less  impurity  in  air  than  is  fatal  to 
life  will  destroy  health.  When  there  is  too  much  car- 
bonic acid  in  the  atmosphere,  as  there  must  be  always 
in  an  occupied  room  where  ventilation  is  not  attended 
to,  there  is  not  enough  of  it  passed  away  from  the 
blood ; thus  the  body  suffers  both  from  want  of  oxy- 
gen and  from  carbonic  acid  poisoning.  A high  physio- 
logical authority  says  that  unhealthy  symptoms  appear 
immediately  when  there  is  only  one-third  per  cent  of 
carbonic  acid  in  the  air  breathed.  The  effects  of 
habitually  breathing  air  even  slightly  overcharged  with 
the  products  of  respiration  are  more  or  less  severe, 
according  to  the  greatness  of  the  evil.  Consumption  is 
frequently  developed  as  a consequence  of  continually 
living  or  working  in  ill-ventilated  rooms.  General  de- 
bility and  whiteness  of  the  blood  are  constant  attendants 
upon  the  unhealthy  conditions.  Causeless  unhappiness, 
“ nervousness,”  and  hysterics,  are  almost  certain  results  ; 
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and  many  a woman  who  endures  an  infinitude  of  very 
real  suffering  for  which  she  can  give  no  reason,  would 
find  herself  restored  to  health  if  she  would  but  throw  up 
her  windows,  and  breathe  in  full  measure  the  fresh  pure 
air  that  will  enter.  Lassitude  and  incapacity  for  exertion 
come  from  overcharging  the  blood  with  carbonic  acid ; 
and  many  a man  who  wakes  in  the  morning  unrefreshed, 
and  must  needs  apply  to  the  dram  shop  for  strength  to 
go  to  his  daily  task,  would  instead  arouse  from  sleep  full 
of  energy  did  he  but  see  to  the  ventilation  of  the  room 
in  which  he  breathes  all  night.  Those  who  breathe 
impure  air  are  also  found  to  be  especially  liable  to  all 
infectious  diseases.  With  respect  to  the  mind,  the  Rev. 
Dr.  Haughton,  one  of  our  most  eminent  physiologists, 
says  : — “ Stupidity  in  reptiles  is  associated,  as  it  often  is 
in  man,  with  a venomous  and  rancorous  disposition,  and 
these  defects,  both  intellectual  and  moral,  seem  to  de- 
pend on  an  imperfect  oxidation  of  the  blood  corpuscles.” 
And,  indeed,  we  may  take  it  as  certain  that  pure  blood 
and  morality  are  far  more  closely  connected  than  many 
good  people  have  suspected. 

I have  dwelt  thus  at  length  upon  the  addition  of 
carbonic  acid  made  to  the  air  by  respiration,  and  the 
effects  of  the  accumulation  of  that  gas  in  our  rooms,  as 
being  the  most  notable  and  important  part  of  the  subject. 
But  the  atmosphere  is  further  altered  by  respiration  in 
other  ways,  which  equally  show  the  necessity  for  con- 
stant supplies  of  fresh  air  for  our  lungs. 

In  addition  to  having  ox}^gen  removed  and  carbonic 
acid  added,  air  has  the  following  changes  worked  in  it 
by  being  inspired  : — 

a.  It  gains  moisture. 

b.  It  is  warmed. 

c.  It  becomes  charged  with  decaying  organic  matter. 

The  increased  proportion  of  watery  vapour.,  made 

by  the  union  in  the  tissues  of  hydrogen  and  oxygen. 
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and  passed  out  by  the  lungs  in  expiration,  is  of  some 
importance  from  our  present  point  of  view.  When 
the  atmosphere  becomes  saturated  with  moisture,  the 
due  removal  of  the  excess  of  water  from  the  blood  is,  of 
course,  prevented. 

The  increased  temperature  has  very  little  bearing 
upon  the  question  of  the  necessity  of  free  ventilation. 

The  third  alteration  above  mentioned  is,  next  to  the 
increase  in  carbonic  acid,  the  most  important  change. 
Every  living  creature  passes  off  constantly  from  its 
lungs,  and  also  from  its  skin,  minute  particles  of  waste 
animal  matter,  which  very  rapidly  decay.  This  it  is 
which  causes  the  faint,  sickly  smell  in  an  empty  hall,  or 
any  similar  place  in  which  a number  of  people  are  un- 
healthily crowded  together  day  after  day.  Dr.  Mapother 
calculates  that  a family  of  only  five  persons  living  twelve 
hours  every  day  in  a room  send  off  into  it  in  the  course 
of  a year  thirty-eight  pounds  of  organic  matter.  In 
close,  ill-ventilated,  dirty  rooms  this  clings  to  the  walls 
and  all  the  furniture,  and,  as  it  decays,  does  much  injury 
to  the  health.  The  free  admission  of  fresh  air  oxidises., 
and  changes  the  nature  of  this  animal  matter.  When 
ventilation  is  not  attended  to,  and  the  organic  matter 
decays  in  a room,  the  result,  according  to  Baron  Liebig, 
is  that  effete  matters  remain  in  the  blood  of  persons 
habitually  breathing  the  impure  atmosphere  in  a state 
which  he  likened  to  the  soot  of  an  imperfectly-burning 
furnace.  In  extreme  cases,  the  result  of  the  collection 
of  great  quantities  of  this  animal  exhalation,  and  its 
being  re-breathed,  as  in  the  English  jails  before  the 
days  of  John  Howard,  is  said  to  have  been  to  posi- 
tively originate  fever ; and  there  is  no  doubt  whatever 
that  any  house  where  it  is  allowed  to  accumulate  is  in 
special  danger  from  infectious  disease.  The  decaying 
organic  matter  in  the  ill-ventilated  rooms  seems  to  be  to 
the  seeds  of  disease  something  like  what  a hot-bed  is  to  the 
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seeds  of  plants,  making  them  take  root,  and  grow  more 
quickly  and  surely. 

Now  you  can  see  the  reason  for  the  precept, 
“ Breathe  fresh  air ; ” and  it  cannot  be  necessary  to 
add  in  so  many  words,  “ Open  your  windows  often,  and 
provide  for  a continual  current  of  fresh  air  in  crowded 
rooms.”  Is  it  possible  that  any  person  who  knows  that 
his  own  breath  becomes  his  poison,  both  mentally  and 
bodily,  if  he  respires  the  same  air  over  and  over  again, 
will  neglect  the  simplest  means  of  ventilation,  as  they 
are  often  neglected  by  the  ignorant  ? 

With  one  or  two  practical  hints  I conclude  this  part 
of  our  subject.  The  first  is,  that  a window  should  be 
opened,  to  ventilate  an  apartment  thoroughly,  both  at 
the  top  and  at  the  bottom.  When  air  is  warmed,  it 
rises  to  the  top  of  the  room.  If  you  take  a lighted 
candle  to  the  doorway  of  a room  in  which  there  is  a fire, 
or  gas,  or  many  persons,  you  will  find  that  the  flame  is 
blown  inwards  down  by  the  floor,  and  outwards  up  at 
the  top  of  the  doorway,  while  there  is  a central  point 
where  the  flame  is  quite  vertical.  Thus,  when  a window 
is  opened  only  at  the  bottom,  the  fresh  air  comes  in,  but 
the  stale  heated  air  does  not  get  out  until  it  has  mixed 
with  and  contaminated  the  fresh. 

Never  let  so  many  persons  sleep  in  a room  that  there 
are  not  at  least  seven  hundred  cubic  feet  of  space  for 
each.  The  cubic  contents  of  a room  is  found  by  multi- 
plying together  its  height,  length,  and  breadth.  Servants 
are  often  very  badly  treated  in  this  respect. 

To  secure  a constant  supply  of  fresh  air  in  a small 
bedroom,  while  at  the  same  time  to  avoid  a draught 
upon  the  sleepers,  a very  good  plan  is  to  replace  one  of 
the  top  glass  window-panes  by  a sheet  of  fine  wire-gauze, 
such  as  surrounds  a lantern.  It  can  be  seen  that  this 
eflectually  prevents  draught  by  holding  a candle  behind 
a piece  of  such  wire-gauze,  and  blowing  at  it ; it  will  be 
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found  that  the  flame  can  scarcely  be  made  to  waver  by 
the  most  energetic  puff.  The  current  of  air  is  too  finely 
divided  by  passing  through  the  minute  holes  to  cause 
any  draught 

When  this  alteration  in  the  window  cannot  be  made, 
the  same  end  may  be  attained  almost  equally  well  by 
the  following  simple  means  : — Procure  a piece  of  wood 
just  as  long  as  the  window  is  wide,  and  three  or  four 
inches  in  depth.  Push  up  the  lower  sash,  and  lay  this 
piece  of  wood  along  the  window-sill,  then  shut  the 
window  down  upon  it  The  result  of  this  arrangement 
is  that,  instead  of  the  upper  and  lower  halves  of  the 
window  meeting  each  other  in  the  centre,  there  is 
a little  space  left  at  that  place ; but  the  air  which  enters 
there  is  obviously  directed  up  toward  the  ceiling,  and  it 
rises  and  diffuses  itself  over  the  whole  apartment,  with- 
out the  least  draught  being  felt  by  the  occupants. 

In  a good-sized  bedroom,  where  the  bed  need  not 
be  placed  directly  beneath  the  window,  the  top  of  the 
window  being  pulled  down  an  inch  or  two  will  secure  a 
good  atmosphere  for  the  night. 

And  let  us  be  assured  that  a close,  foul,  unhealthy 
air  to  breathe  is  more  dangerous  to  us  than  even  the 
dreaded  “ draughts.”  How  much  the  knowledge  which 
leads  us  to  this  conviction  is  needed  by  the  people  at 
large,  is  shown  by  the  obstinate  folly  with  which  those 
persons  who  live  in  model  cottages,  in  which  scientific 
methods  of  ventilation  are  supplied,  often  persist  in 
stopping  up  the  ventilators  on  the  plea  that  they  must 
cause  draughts. 

The  facts  given  in  the  preceding  chapter  about  the 
circulation  of  the  blood,  and  the  knowledge  of  how  the 
vital  fluid  conveys  whatever  it  receives  to  all  parts  of  the 
system,  enable  us  to  perceive  the  importance  of  exclud- 
ing all  poisonous  gases  from  the  atmosphere.  Thanks 
to  that  splendid  effort  of  legislation,  Mr.  Stansfeld’s 
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“ Public  Health  Act,”  we  are  to  a great  extent  protected 
from  the  poisoning  of  the  pure  air  of  the  skies  by  care- 
lessly conducted  manufactures  in  the  course  of  which 
hurtful  gases  are  evolved,  which  were  at  one  time  ruth- 
lessly passed  out  to  contaminate  the  atmosphere.  But 
no  Acts  of  Parliament  can  keep  constant  watch  upon  our 
private  arrangements,  nor  is  it  desirable  that  we  should 
be  subject  to  legislative  interference  in  our  homes.  Each 
one  of  us  must  keep  that  house  with  which  he  is  specially 
connected  in  proper  condition.  Two  of  the  most  frequent 
and  dangerous  sources  of  contamination  of  the  air  within 
the  precincts  of  the  home,  and  of  consequent  poisoning 
of  the  blood,  and  weakening  of  the  vitality,  are  the  house 
drains  and  the  dust-bin.  The  former  of  these  should  never 
permit  any  smell  to  pass  up  into  the  dwelling,  and  if 
they  become  choked,  they  should  be  cleared  without  a 
day’s  delay.  Sewer  gas  is  believed  to  be  the  mode  by 
which  typhoid  fever  poison  is  introduced  into  a healthy 
person’s  body,  and  even  when  this  does  not  happen, 
breathing  that  gas  is  unquestionably  lowering  to  the 
general  health.  As  regards  the  dust-bin,  it  should  not 
be  made  the  receptacle  of  all  the  animal  and  vegetable 
refuse  of  the  house.  As  far  as  possible  all  such  waste 
should  be  burned  in  the  fire.  If  it  be  put  into  the  dust- 
bin it  slowly  decays  there,  sending  off  noxious  gases  for 
a long  space  of  time. 

Marshy  neighbourhoods  are  not  healthy.  A peculiar 
gas  rises  from  a marsh,  which  often  causes  much  sickness 
among  those  who  respire  it. 

The  lungs  are  greatly  assisted  in  their  work  by  open- 
air  exercise.  The  respirations  are  deeper,  and  the  blood 
courses  more  rapidly  through  the  lungs,  so  that  more 
carbonic  acid  is  passed  off  in  a given  time  than  during 
repose.  For  this  reason,  exercise  is  a valuable  hygienic 
measure  for  those  persons  who  have  a tendency  to  that 
melancholy  and  fell  disease,  consumption.  In  consump- 


BREA  THE  FRESH  AIR. 


45 


tion,  a part  of  the  lung  is  unable  to  perform  its  proper 
action ; and  it  is  necessary  to  make  that  which  can  work 
do  so  as  efficiently  as  possible.  Two  of  the  most 
eminent  and  valuable  of  English  physicians  have  made 
it  known  that  they  owe  their  own  lives  to  regular  and 
systematic  exercise.  And  Dr.  Drysdale,  physician  to  the 
North  London  Hospital  for  Consumption,  says,  in  his 
work  on  “ Climate  in  Phthisis,”  that  the  best  advice  he 
can  give  his  patients  is  to  walk  as  much  as  possible  with- 
out fatigue. 

I hope  some  of  my  readers  have  thought  as  they  read 
sufficiently  to  wonder  what  becomes  of  all  the  carbonic 
acid  which  the  lungs  of  animals  are  continually  excreting. 
If  there  were  no  provision  in  nature  for  the  removal  of 
this,  it  is  clear  that,  in  a comparatively  short  space  of 
time,  the  whole  atmosphere  of  the  globe  would  become 
charged  with  it,  and  we  should  be  no  better  off  when  we 
provided  for  the  entry  of  the  outside  air  into  our  rooms 
than  we  should  be  without  it  At  last,  the  air  would  be 
so  far  composed  of  carbonic  acid,  that  all  animal  life 
would  become  extinct 

This  alarming  state  of  affairs  is  prevented  by  the  fact 
that  all  vegetation  performs  upon  air  exactly  the  reverse 
of  the  process  which  the  lungs  of  animals  carry  on  con- 
stantly. We  take  in  oxygen,  and  transform  it  into  car- 
bonic acid  gas ; plants  take  in  carbonic  acid  gas  through 
their  pores,  and,  under  the  influence  of  sunlight,  remove 
the  carbon  from  it  for  their  own  sustenance,  returning  the 
oxygen  free  again  to  the  atmosphere  for  us  to  inspire 
once  more. 

Thus  it  is  healthy  to  have  plants  in  a room,  in  the 
daylight.  But  as  it  is  only  under  the  influence  of  light 
that  they  absorb  the  gas,  it  is  not  desirable  to  keep  them 
in  bedrooms. 

I will  conclude  this  part  of  our  subject  with  a few 
words  about  the  accidents  to  which  the  blood-vessels  are 
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liable.  Veins  and  arteries  may  alike  be  cut,  and  veins 
which  are  swollen  sometimes  burst.  The  bleeding  from 
a vein  is  to  be  checked  by  tying  a tight  ligature  round 
the  limb,  or  pressing  firmly  on  the  opposite  side  of  the 
cut  to  that  on  which  the  heart  is.  You  see  the  reason 
for  this  : the  valves  prevent  the  blood  running  back  from 
the  heart  in  a vein.  An  artery,  however,  bleeds  from 
both  ends  generally,  because  one  artery  leads  into  another, 
and  there  are  no  valves.  If  it  be  possible  to  find  the 
open  mouths,  and  take  hold  of  them  with  tweezers,  this 
should  be  done  while  the  surgeon  is  sent  for.  The 
patient  should  lie  down  to  lessen  the  force  of  the  circula- 
tion, and  cold  water,  or  even  ice,  if  possible,  should  be 
applied,  because  this  causes  the  elastic  tissue  of  the 
vessel  to  contract,  and  so  draws  the  sides  together.  Is 
it  not  much  easier  to  remember  what  ought  to  be  done, 
when  you  know  the  reason  why? 


CHAPTER  V. 


DIGESTION. 

There  is  some  resemblance  between  a steam-engine, 
with  its  furnace,  its  chimney,  and  its  ash-box,  and  a living 
man.  Just  as  the  furnace  of  the  engine  must  be  fed  with 
fuel,  which  it  converts  into  steam  and  ashes,  so  do  we 
need  to  be  supplied  with  food,  and  so  do  the  stomach 
and  intestines  separate  that  which  our  organism  can  use 
as  force  from  that  which  must  be  cast  away  as  waste. 
As  the  steam-engine  must  have  a sufficient  quantity  of  a 
proper  fuel  supplied  to  it  before  its  parts  can  come  into 
action,  so  do  our  bodies  require  enough  of  the  right 
description  of  food  to  support  our  existence  and  the  work- 
ing order  of  all  our  organs.  We  need  to  learn  what  are 
the  right  kinds  and  quantities  of  fuel  for  ourselves. 
From  want  of  such  knowledge,  people  are  constantly 
making  mistakes,  and  injuring  their  own  structure. 
The  best  way  to  understand  the  matter  will  be  to 
first  study  the  mechanism  of  the  digestive  organs ; then 
to  learn  the  properties  of  the  various  classes  of  food- 
stuffs ; and  thus  to  prepare  ourselves  to  have  clear  ideas 
on  the  important  subject  of  diet. 

The  teeth  form  the  first,  in  order  of  their  action  upon 
the  food,  of  the  organs  of  digestion.  A tooth  is  made  of 
a substance  called  ivory,  or  dentine  ; and  that  part  which 
is  not  protected  by  being  under  the  gum  is  covered  with 
a very  hard  crust  of  enamel.  Inside,  a tooth  is  hollow, 
the  cavity  being  filled  by  the  nerve,  which  enters  at  the 
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top.  Enamel  is  hard  as  flint,  and  is  designed  to  protect 
the  nerve.  If  it  gets  chipped,  there  is  every  probability 
that  toothache  will  follow ; for  enamel  never  re-forms, 
and  agony  begins  directly  the  air  reaches  the  bare  nerve. 
Sometimes  the  pain  may  be  cured  by  having  the  hole 
in  the  tooth  filled  up  by  a dentist ; but  if  decay  has 
thoroughly  taken  hold  of  the  suffering  tooth,  there  is  no 
alternative  but  to  have  it  extracted.  When,  however, 
there  is  no  sign  of  decay  in  an  aching  tooth,  every  other 
means  should  be  tried  before  having  it  taken  out ; the 
cause  is  very  probably  constitutional,  and  if  it  is  so,  no 
relief  will  be  obtained  by  the  sacrifice  of  a useful  member. 
Go,  therefore,  rather  to  a doctor  than  to  a dentist  with  a 
tooth  that  aches  without  showing  any  sign  of  decay. 

The  enamel  may  be  destroyed  by  acid  medicines,  or 
tooth-powders,  and  by  drinking  fluids  too  hot,  as  well  as 
by  an  unhealthy  state  of  the  saliva,  or  by  violence.  The 
teeth  are  made  to  masticate  the  food,  not  to  crack  nuts 
or  bite  off  ends  of  cotton.  Cleanliness  is  an  important 
part  of  the  hygiene  of  the  teeth,  Tartar  pushes  the 
gums  away  from  neglected  teeth,  and  small  animalcules 
fill  up  their  interspaces.  They  should  be  regularly 
cleansed  with  a tolerably  hard  brush,  aided  by  the 
occasional  use  of  a simple  tooth-powder.  Most  of  the  - 
preparations  for  the  teeth  sold  in  shops  contain  a large 
quantity  of  acid,  which  is  very  injurious  to  the  enamel. 
Common  soap,  camphorated  chalk,  and  very  finely 
powdered  charcoal,  are  among  the  best  things  that  can 
be  used.  Camphorated  chalk  and  charcoal  do  well 
mixed  together.  A few  drops  of  a mixture  of  equal  parts 
of  tincture  of  myrrh  and  spirits  of  camphor  poured  into 
the  water  used  for  cleaning  the  teeth  is  serviceable  where 
the  gums  are  tender. 

The  teeth  are  so  very  necessary  to  secure  good 
digestion,  that  these  brief  hints  upon  their  hygiene  are 
worth  my  giving,  and  your  attending  to. 


DIGESTION. 


49 


The  'second  and  permanent  set  of  teeth  are  thirty- 
two  in  number,  and  are  of  four  different  kinds.  In  the 
front,  in  each  jaw,  there  are  four  ificisors^  to  cut  the 
food ; next,  on  each  side,  comes  one  ca?ime,  to  pierce 
and  tear ; then,  on  each  side,  two  false  and  three  true 
molars.,  to  grind  and  crush  the  food.  The  united  action 
of  all  these  teeth  upon  the  food  is  to  separate  it  into 
small  particles,  while  it  is  turned  over  and  over  by  the 
movement  of  both  the  jaws  and  the  tongue  until  it  is 
thoroughly  saturated  with  saliva. 

The  saliva  (or  spittle)  is  a fluid  poured  out  by  the 
six  salivary  glands^  three  of  which  are  situated  on  each 
side  of  the  mouth.  The  salivary  glands  resemble  in 
appearance  bunches  of  grapes.  The  parotid  pair  are  the 
largest ; one  is  just  in  front  of  and  beneath  each  ear. 
Next  come  the  subtnaxillary  pair,  lower  down,  under- 
neath the  jawbone  ; and  finally,  the  sublingual,  which  are 
under  the  tongue.  The  fluid  called  the  saliva  is  secreted 
(a  process  of  which  we  have  more  to  say  soon)  in  these 
six  glands,  and  poured  into  the  mouth  through  small 
tubes,  or  ducts.  The  saliva  is  useful  to  soften  the  food, 
and  enable  the  tongue  to  roll  it  into  a compact  ball, 
ready  for  swallowing ; and  has  besides  an  important 
action  upon  the  starches  which  are  found  in  food- stuffs, 
turning  them  into  sugar.  If  food  is  swallowed  too 
hastily  this  important  process  is  interrupted. 

The  tongue  aids  in  mastication  by  pushing  the  food 
under  the  teeth,  and  by  rolling  it  into  a mass.  We  taste 
by  means  of  small*  projections  of  nerve,  called  papillcR, 
upon  the  tongue,  which  you  may  see  start  up  if  you  put 
some  vinegar  upon  your  own,  and  look  in  a looking-glass. 
Finally,  the  tongue  passes  the  prepared  morsel  of  food 
backward  to  the  gullet. 

The  back  part  of  the  mouth  is  called  the  pharynx. 
Here  there  are  several  openings.  Up  above,  there  are 
the  two  back  apertures  of  the  nose,  and  the  ends  of  two 
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tubes  which  run  between  the  ears  and  the  throat.  Then, 
down  below,  there  is  in  front  the  opening  of  the  wind- 
pipe, and  directly  behind  that  is  the  mouth  of  the  gullet, 
or  (esophagus.  And  each  mouthful  that  we  swallow  has 
to  find  its  way  into  the  right  one  of  all  these  openings. 

The  arrangement  by  which  it  does  so  is  very  beauti- 
ful. We  may  dismiss  from  the  problem  the  two  open- 
ings leading  to  the  ear ; they  are  too  high  up,  too  small, 
and  too  slanting  in  direction,  to  be  endangered.  But 
there  is  every  possibility  of  the  food  entering  the  wind- 
pipe and  the  nose,  were  there  not  very  complete  provi- 
sions to  prevent  its  doing  so. 

There  is  a gristly  lid,  called  the  epiglottis.,  standing 
up  like  a sentinel  just  in  front  of  the  glottis,  the  aperture 
of  the  windpipe.  When  this  is  erect,  it,  of  course,  offers 
no  obstacle  to  breathing.  But  food  cannot  get  into 
either  the  windpipe  or  the  gullet  without  passing  over  the 
epiglottis,  and  pushing  it  down  so  that  it  forms  a com- 
plete lid  upon  the  glottis,  and  prevents  the  food  from 
falling  into  the  windpipe.  The  soft  palate,  which  you 
can  see  if  you  look  down  anyone’s  throat,  is  the  guardian 
of  the  apertures  of  the  nose.  The  food  pushes  that  soft 
curtain  upwards,  and  it  completely  covers  the  entrance 
to  the  nasal  chambers.  By  this  arrangement,  the  mass 
of  food  has  no  alternative  but  to  pass  in  the  right  direc- 
tion, over  the  epiglottis,  and  into  the  oesophagus. 

The  oesophagus,  or  gullet,  is  a pipe  leading  from  the 
back  of  the  mouth  into  the  stomach.  The  principal 
muscular  coat  of  the  oesophagus  is  composed  of  fibres 
placed  circularly — round  the  pipe.  It  is  by  the  action 
of  these  that  the  food  is  pushed  down  into  the 
stomach.  As  soon  as  the  little  ball  of  masticated  food 
is  passed  within  reach  by  the  tongue,  the  top  fibres  of 
the  gullet  seize  it  firmly  by  contracting  around  it.  The 
action  of  muscular  tissue  is  always,  you  remember,  be- 
coming shorter  and  thicker ; so  now,  the  circular  fibres 


DIGESTION. 


5* 


of  that  portion  of  the  gullet  which  the  food  is  touching, 
finding  their  appjopriate  stimulus  in  the  presence  of  the 
little  bolus  of  food,  contract,  and  become  shorter  all 
round  the  ring.  Thus  the  sides  of  the  ring  are  drawn 
together,  and  the  food  is  pushed  down  into  the  grasp  of 
the  next  circular  fibres,  which  at  once  contract  in  like 
manner.  In  this  way  the  mouthful  of  food  goes  on, 
step  by  step,  until  at  last  it  reaches  the  stomach.  So 
the  food  does  not  fall  down  into  the  stomach  with  a great 
tumble  after  it  is  swallowed  out  of  the  mouth,  but  passes 
down  by  degrees. 

This  shows  us  another  evil  likely  to  result  from  eating 
too  fast  and  not  chewing  food  properly,  in  addition  to  the 
one  already  mentioned  that  it  does  not  get  thoroughly 
soaked  with  saliva.  Eating  too  rapidly  interferes  with  the 
proper  passage,  piece  by  piece,  of  food  to  the  stomach ; 
and  a feeling  of  oppression,  like  a weight  lying  upon  the 
chest,  may  be  experienced.  Those  who  have  the  care 
of  young  children  just  beginning  to  eat  solid  food  should 
watch  them  carefully,  to  see  that  they  do  not  bolt  their 
food,  as  they  are  very  apt  to  get  a habit  of  doing.  There 
was  great  philosophy  in  the  address  of  Joe  to  Pip  (in 
Dickens’s  Great  Expectations)^  when  the  poor  boy  had 
rapidly  hidden  his  thick  slice  of  bread  to  give  to  the 
escaped  convict,  but  when  J oe  thought  he  had  swallowed 
it  in  so  short  a space  of  time:  “You’ll  do  yourself  a 
mischief.  You  can’t  have  chewed  it,  Pip ; you  know, 
old  chap,  I bolted  myself  when  I was  your  age — frequent 
— and  as  a boy  I’ve  been  among  a many  bolters ; but  I 
never  see  your  bolting  equal  yet,  Pip,  and  it’s  a mercy 
you  aint  bolted  dead.  If  you  can  cough  any  trifle  on  it 
up,  Pip,  I’d  recommend  you  to  do  it.  Manners  is 
manners,  but  still  your  ’elth’s  your  ’elth.” 

By  degrees,  then,  the  food  passes  though  the  oeso- 
phagus, and  enters  the  stomach.,  the  principal  organ  of 
digestion.  The  stomach  lies  nearly  in  the  centre  of  the 
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body,  with  its  widest  part  toward  the  heart,  from  which 


Fie.  5-* 

it  is  separated  by  the  diaphragm,  the  great  fleshy  muscle 
* After  Morrant  Baker.  From  Kirkes’  Physiology,  by  kind  permission. 
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already  described  which  divides  the  chest  from  the 
abdomen.  The  gullet  pierces  the  substance  of  the 
diaphragm.  The  shape  and  some  of  the  relations  of  the 
stomach  can  be  seen  in  the  accompanying  figures. 

It  is  a muscular  organ,  lined  with  mucous  membrane, 
which  falls  into  wrinkles  while  the  stomach  is  empty  but 
smooths  out  as  the  organ  becomes  distended  with  food. 


Fig.  6.— The  Stomach  laid  open. 

a,  The  oesophagus  or  gullet ; b,  the  cardiac  dilatation ; c,  the  lesser  curvature  ; 
d,  the  pylorus,  through  which  the  chyme  passes  into  h,  the  duodenum  ; e, 
the  bile-duct ; f,  the  gall-bladder ; g,  the  duct  of  the  pancreas  (cuO,  which 
joins  into  the  “common  bile-duct,”  opening  into  the  duodenum  opposite  h. 

When  the  lining  membrane  of  the  stomach  is  examined 
with  a microscope,  it  is  found  to  present  an  appearance  like 
a honeycomb,  being  everywhere  depressed  into  little  pits. 
At  the  bottom  of  each  pit  can  be  seen  the  openings  of 
several  exceedingly  minute  tubes.  These  are  the  gastric 
glands^  and  their  office  is  to  secrete  (a  term  which  will 
be  explained  by  and  by)  and  pour  out  upon  the  food  a 
peculiar  fluid  called  the  gastric  juice.  This  fluid  is 
partly  composed  of  hydrochloric  acid.,  and  partly  of  a sub- 
stance called  pepsin.  Indigestion  is  sometimes  caused 
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by  deficiency  of  pepsin  in  the  gastric  juice,  and  doctors 
occasionally  relieve  that  disease  by  prescribing  for  it  a 
preparation  of  the  pepsin  found  in  the  stomachs  of  other 

animals.  The  muscular  fibres  of  the 
stomach  contract  when  they  receive 
the  stimulus  of  the  presence  of  food, 
and  keep  up  a sort  of  churning 
motion,  by  which  the  food  is  thor- 
oughly mixed  with  gastric  juice,  and 
thus  dissolved  until  it  is  a soft  paste, 
about  the  consistence  of  pea-soup. 
In  this  state  the  digested  food  is 
called  chyme. 

The  fact  that  it  is  the  gastric 
juice  which  works  this  change  is 
proved  in  two  ways.  In  the  first 
place,  when  meat  or  other  food  is 
placed  in  a vessel  with  gastric 
juice  obtained  artificially  from  the  stomach  of  some 
animal,  and  is  kept  at  a temperature  about  the  same  as 
the  natural  heat  of  the  stomach,  the  solid  mass  of  food 
is  changed  into  a thick  fluid  like  chyme  ; in  fact  it  is 
digested.  Secondly,  in  cases  where,  by  some  accident, 
an  opening  has  been  made  in  the  stomach  of  a living 
person,  so  that  the  process  of  digestion  could  be  over- 
looked, the  gastric  juice  has  been  seen  to  pour  out  upon 
the  entry  of  food,  and  the  muscular  movements  of  the 
stomach  were  plainly  directed  to  thoroughly  mixing  the 
fluid  with  the  substance  to  be  dissolved. 

The  purpose  of  this  dissolving  of  the  food  is  to 
enable  it  to  be  sucked  up  into  the  blood ; to  use  accu- 
rate language,  to  be  absorbed.  For  just  as  gases,  as  we 
have  already  seen,  can  pass  through  a moist  membrane, 
so  can  two  fluids,  especially  when  one  is  thicker  than 
the  other,  intermingle,  notwithstanding  that  a porous  skin 


Fig.  7.* 

Small  portion  of  the  surface 
of  the  mucous  mem- 
brane of  the  stomach, 
magnified  thirty  times. 
The  figure  shows  the 
minute  pits,  with  the 
mouths  of  the  numer- 
ous little  tubes  at  the 
bottom  of  them. 


* After  Ecker,  Kirke. 
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is  between  them.  You  can  easily  prove  this  by  placing 
a bladder  full  of  salt  and  water  in  a basin  of  pure  water ; 
you  will  soon  find  the  water  in  the  basin  as  salt  as  that 
in  the  bladder.  This  passage  of  fluids  through  mem- 
branes is  called  osmosis.  Any  substance  which  can  be 
completely  dissolved  in  water  can  pass  by  osmosis. 
Thus,  the  water  that  we  drink,  and  some  portions  of  the 
food,  are  sucked  up  at  once  into  the  veins  of  the 
stomach.  The  rest  of  the  food,  not  yet  sufficiently  dis- 
solved to  be  absorbed,  passes  on  out  of  the  stomach  at 
the  opposite  end  from  that  at  which  it  entered.  It  is 
then,  as  Fig.  5 shows,  in  the  top  part  of  the  intestines. 

No  particle  of  food  any  coarser  than  it  should  be  is 
allowed  to  pass  out  of  the  stomach.  At  the  opening  of 
the  intestine  there  is  a circular  band  of  muscular  fibres 
called  the  pylorus^  or  doorkeeper  (Fig.  6,  d).  Its  office 
is  told  by  the  name  that  has  been  given  it.  Whenever 
a hard  undigested  morsel  approaches  the  pyloric  orifice, 
the  watchful  doorkeeper  (the  muscular  fibres  of  which 
find  their  stimulus  in  the  touch  of  the  solid  portion)  con- 
tracts tightly,  and  the  piece  of  food  has  to  go  back  again 
to  be  chymified.  Such  things  as  fruit-stones,  which 
cannot  be  digested,  do  finally  overcome  the  resistance  of 
the  pylorus,  but  they  cause  pain  in  doing  so.  In  sensi- 
tive stomachs  pain  sometimes  results  from  the  passage  of 
fruit-skins,  or  particles  of  raw  vegetable,  as  cucumber,  etc. 

The  top  part  of  the  intestine,  into  which  the  chyme 
that  passes  through  the  pyloric  orifice  goes,  is  called  the 
duodenu77i  (Fig.  6,  i).  Into  this  part  of  the  bowel 

there  opens  a tube,  through  which  the  secretions  of  two 
other  organs  pass  to  act  upon  the  chyme.  The  first  of 
these  new  digestive  powers  is  bile^  the  secretion  of  the 
liver.  The  gall-bladder,  which  is  shown  in  the  engrav- 
ing, rests  upon  the  liver  in  a groove,  and  stores  up  the 
bile  until  it  is  wanted.  The  second  secretion  is  that  of 
the  sweetbread,  or  pancreas^  a large  gland  lying  toward 
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the  back  of  the  abdomen.  The  pancreatic  juice  and 
the  bile  seem  to  perform  much  the  same  kind  of  actions 
upon  the  chyme.  They  dissolve  the  fatty  matters  that 
have  been  eaten  into  very  small  particles,  and  so  enable 
them  to  mix  thoroughly  with  the  rest  of  the  digested  food 
ready  for  absorption  by  osmosis.  Oil,  we  know,  will  not 
mix  with  water ; but  if  white  of  egg  be  added,  and  the  oil 
globules  be  thoroughly  rubbed  down  with  it,  a creamy 
mixture,  called  an  emulsion,  is  obtained.  A thorough  divi- 
sion of  the  fat  particles,  and  a remixing  of  the  atoms  into 
a kind  of  emulsion,  is  what  is  done  by  the  bile  and  the 
pancreatic  juice,  aided  by  the  movements  of  the  duodenum. 
The  chyme  also  loses  the  acidity  given  it  in  the  stomach, 
and  the  starch  in  it  is  farther  altered.  The  digested  food  thus 
acted  upon  changes  its  name  a little,  and  is  now  called  chyle. 

The  intestines  are  formed  by  one  tube,  about  twenty- 
five  feet  long.  To  get  all  this  into  the  small  space  it  has 
to  occupy,  it  is  doubled  backward  and  forward  very  many 
times.  The  small  intestine  is  that  part  which  is  nearest 
the  stomach,  and  is  about  twenty  feet  long ; it  is  in  this 
that  digestion  is  completed.  The  remaining  five  or  six 
feet  of  the  tube  is  much  greater  in  diameter,  and  is  hence 
named  the  large  intestine.  The  intestine  is  chiefly  com- 
posed of  muscular  fibres,  and  is  lined  within  by  mucous 
membrane — that  peculiar  moist  skin  which  forms  the 
inside  coat  of  all  cavities  in  the  body ; and  projecting  from 
the  mucous  membrane  are  small  processes  by  means  of 
which  the  intestine  does  its  work  of  absorbing  into  the 
blood  the  useful  parts  of  the  chyle — all  that  remains  of 
nutrition  in  the  food  that  has  been  eaten. 

These  little  projections  are  called  villi.  They  are 
set  side  by  side  upon  the  mucous  membrane,  giving  it 
an  appearance  like  the  pile  of  velvet.  In  the  whole 
course  of  the  intestine  there  are  estimated  to  be  no  fewer 
than  four  million  villi.  Inside  each  of  these  minute  pro- 
jections there  is  a small  artery  and  a vein,  with  their 
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capillary  network,  and  also  the  commencement  of  a 
lymphatic  vessel. 

But  we  have  not  yet  considered  the  lymphatic  sys- 
tem ; now  is  the  time  when  we  must  understand  it. 

All  over  the  body  there  are  to  be  found  other  tubes 
beside  the  arteries  and 
veins  of  which  we  al- 
ready know.  These 
tubes  are  called  the 
lymphatic  or  absorbent 
vessels.  They  begin, 
in  all  parts  of  the  body, 
in  nearly  every  tissue 
and  organ,  as  fine  tubes 
too  small  to  be  seen 
by  the  naked  eye, 
which  form  a network. 

The  small  vessels 
which  come  out  of 
this  network  differ  from 
veins  in  that  they  do 
not  continually  join 
together  to  make  tubes 
greater  in  size ; but 
they  enter,  every  now  x, 
and  again,  small  round 
bodies,  called  the  lym- 
phatic glands.,  in  the 
substance  of  which  the  Fig.  8.— Vilu  of  man.* 

vessels  subdivide  and  E,  epithelium  ; C,  capillaries  ; V,  veins  ; L ’ 
form  a network,  then  lacteais. 

join  into  each  other,  and  pass  out  of  the  gland  on  the 
opposite  side  as  two  or  more  small  tubes  again.  The 
purpose  for  which  this  happens  is  not  known.  Finally, 
nearly  all  the  lymphatics  open  into  the  thoracic  duct,  a 


* From  Teichmann,  after  Kirkes’  Physiology, 
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tube  about  the  size  of  a goose’s  quill,  which  runs  up  from 
the  abdomen  to  the  neck,  just  in  front  of  the  backbone. 
Through  this  duct  the  lymph  passes  into  some  large  veins 
in  the  neck,  which  are  just  about  to  send  their  contents 
into  the  superior  vena  cava,  and  so  into  the  right  side  of 
the  heart.  Thus  the  lymph  at  last  directly  enters  the 
circulation,  and  rushes  away  with  the  blood  around  the 
whole  body. 

Let  us  see  what  is  the  clear  watery-looking  fluid  that 
passes  through  the  thoracic  duct  from  the  lymphatic 
system  into  the  blood. 

Partly,  it  consists  of  the  fluid  portion  of  the  blood 
itself ; the  blood  strained,  so  to  speak,  of  its  red  cor- 
puscles. The  nutrition  of  the  body  is  mainly  carried  on 
by  osmosis.  The  fluid  part  of  the  blood,  containing 
nourishment  for  the  tissues,  passes  by  osmosis  out  of  the 
thin-walled  capillaries.  The  lymphatic  vessels  have  the 
power  of  absorbing  through  their  thin  coats,  and  return- 
ing to  the  course  of  the  circulation,  that  which  remains 
in  the  tissues  after  each  one  has  extracted  what  it  requires 
for  its  individual  wants. 

Partly,  as  you  have  doubtless  foreseen,  the  lymph  is 
composed  of  newly-digested  food.  I have  said  that  a 
small  lymphatic  vessel  takes  its  rise  in  each  villus.  In 
that  situation  the  tubes  receive  the  name  of  lacieals  (milk 
vessels) ; but  they  differ  in  no  respect  from  ordinary 
lymphatic  vessels,  except  that  they  are  filled  with  the 
milky-looking  chyle. 

Thus  we  may  see  the  last  step  in  the  replenishment  of 
the  blood  by  food  accomplished.  The  saliva  commenced 
the  digestion  of  some  portions  of  the  food  stuffs,  which 
being  further  dissolved  by  the  gastric  juice  in  the 
stomach,  certain  parts  were  taken  up  at  once  by  osmosis 
into  the  veins  of  that  organ : the  remainder,  passing 
on  into  the  duodenum,  becomes  there  mixed  with  bile 
and  pancreatic  juice,  and,  now  called  chyle,  is  pushed 
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slowly  along  the  small  intestine  by  successive  muscular 
contractions,  similar  to  those  of  the  oesophagus  already 
described.  As  it  is  squeezed  along,  the  blood-vessels 
of  the  intestine  take  up  some  of  the  chyle ; and  the 
absorbent  vessels  in  the  villi  draw  the  remainder  of  the 
thick  fluid  through  into  themselves,  and  carry  it  away, 
pouring  it  into  lymphatic  trunks,  and  taking  it  by  a 
longer  or  shorter  route,  until  at  last  it  reaches  the 
thoracic  duct,  through  which  it  enters  the  vein  leading 
to  the  heart,  where  it  mixes  with  and  replenishes  the 
blood.  The  whole  of  the  good  and  nutritious  part  of 
the  chyle  is  sucked  up  into  the  villi  and  the  veins  as  it 
slowly  passes  through  the  length  of  the  small  intestine. 
But  all  food  has  some  husk,  woody  fibre,  or  other  kind 
of  waste  matter  about  it,  of  which  the  blood  can  make 
no  use.  This  gradually  becomes  massed  together,  as 
the  nutriment  is  absorbed,  and  finally  leaves  the  body  by 
the  large  intestine. 

This  completes  our  study  of  the  mechanism  of 
digestion. 
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FOOD. 

If  a chemist  were  to  take  a human  body  into  his 
laboratory,  and  there  analyse  it,  reducing  it  as  far  as  he 
possibly  could  down  to  its  ultimate  constituents,  he  would 
discover  that  it  was  almost  entirely  composed  of  the 
following  four  chemical  “elements” — Oxygen,  Hydro- 
gen, Nitrogen,  and  Carbon.  The  first  three  of  these  are 
gases,  the  last  a solid,  and,  difficult  as  it  is  to  realise, 
it  is  nevertheless  a fact  that  these,  together  with  a small 
quantity  of  mineral  matters,  make  up  the  entire  body  by 
their  various  combinations. 

If  the  chemist  burned  the  body,  for  instance,  he 
would  get  out  of  it  water,  carbonic  acid  gas,  and 
ammonia  gas.  Water  is  a mixture  of  hydrogen  and 
oxygen ; carbonic  acid  gas  is  a mixture  of  carbon  and 
oxygen  ; and  ammonia  is  a mixture  of  nitrogen  and  hydro- 
gen. In  addition  to  these,  the  chemist  would  find  left 
behind  only  a few  ashes — about  eight  pounds,  if  the  body 
had  weighed  one  hundred  and  fifty-four  pounds.  These 
ashes  would  consist  of  various  minerals ; lime,  potash, 
sulphur,  magnesia,  and  others. 

Now,  as  already  has  been  said,  man’s  body  differs  in 
no  essential  respect  from  the  bodies  of  all  other  animals  ; 
and  the  elementary  chemical  constituents  of  all  those 
creatures  which  we  use  for  food  are  precisely  the  same 
as  our  own — oxygen,  hydrogen  (these  two  together 
making  water),  nitrogen,  and  carbon,  with  various 
minerals. 
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But  many  animals — the  sheep  and  the  cow,  for 
instance — never  eat  anything  but  vegetables,  upon  which 
they  grow,  develop,  and  live  their  lives. 

Now,  the  purposes  for  which  every  animal  eats  are — 
firstly,  to  replace  the  waste  of  its  tissues,  which  wear 
away  in  carrying  on  their  work  ; and  secondly,  to  provide 
matter  for  the  production  of  heat  and  force  in  the  body. 

Obviously,  for  any  food  to  replace  the  waste  of  the 
tissues,  it  must  be  made  of  the  same  materials  as  those 
tissues.  It  is  clear,  therefore,  since  an  animal  can  live  upon 
vegetables  alone,  that  vegetables  also  must  be  made  up,  as 
the  animal  is,  of  carbon,  nitrogen,  hydrogen,  and  oxygen, 
with  various  earthy  salts.  Chemical  analysis  proves  the 
truth  of  this  reasoning.  Vegetables  do  consist  of  the 
same  elements  as  animals,  mixed  together  into  different 
combinations. 

And,  indeed,  every  animal  does  really  live  upon 
vegetables ; for  even  animals,  such  as  the  tiger,  which 
feed  upon  flesh  alone,  are  only  eating  vegetables  pre- 
pared for  them  by  the  unfortunate  creatures  that  they 
devour.  If,  by  some  unimaginable  catastrophe,  all  vege- 
table life  ceased,  animal  life  also  would  necessarily  soon 
perish  from  off  the  globe ; for  animals  can  only  be 
nourished  upon  organised  compounds  (see  page  4),  while 
vegetables  have  the  power  of  turning  inorganic  matter, 
which  they  get  out  of  the  soil  and  the  air,  into  their  own 
organised  substance,  and  so  rendering  it  suitable  food 
for  man. 

Thus  there  is  an  eternal  circulation  of  matter,  from 
animal  to  earth  and  air,  thence  into  vegetable,  and  so 
round  into  animal  again.  When  an  animal  dies,  its 
body  is  resolved,  more  or  less  rapidly,  into  carbonic 
acid,  ammonia,  and  water,  the  two  first  of  which 
compounds  are  quite  useless  to  another  animal,  but 
which  some  vegetable  receives  into  itself,  and  transforms 
into  organised  compounds  of  oxygen,  hydrogen,  carbon^ 
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and  nitrogen,  so  that  the  particles  may  again  enter  into 
and  nourish  some  living  being. 

All  the  many  substances  that  we  use  as  food,  there- 
fore, are  composed  of  four  elements,  together  with  more 
or  less  of  earthy  salts.  Some  kinds  of  food  contain 
more  of  one  of  these  elements,  some  more  of  another ; 
and  this  f^ct  is  made  the  ground  for  the  classification  of 
food  stuffs.  All  the  many  nutritious  substances  which 
we  consume  can  be  arranged  under  four  headings, 
according  to  the  proportion  of  nitrogen,  carbon,  or 
earthy  salts  which  they  contain.  These  four  classes 
are — first,  nitrogenous  compounds  ; second,  fats  ; third, 
amyloids  or  starches ; fourth,  minerals  or  earthy  salts 
water  being  included  in  this  class  as  an  inorganic  com- 
pound. 

The  first  class  are  the  nitrogenous  food  stuffs.  This 
name  expresses  in  itself  the  peculiarity  which  separates 
those  kinds  of  food  from  other  kinds.  Nitrogenous 
food  stuffs  are  those  which  have  nitrogen  in  them,  in 
addition  to  carbon,  hydrogen,  and  oxygen.  Their  prin- 
cipal office,  when  they  circulate  in  the  blood  through 
the  body  after  being  digested,  is  to  repair  the  actual 
waste  of  the  tissues.  Hence  we  may  call  this  class  of  food 
the  fleshformers  ; though  it  must  not  be  understood  from 
this  that  they  have  no  share  in  the  production  of  animal 
heat,  since  it  is  now  held  by  all  physiologists  that  some 
heat  is  produced  by  the  using  up  in  the  body  of  nitrogen. 
At  the  same  time  the  essential  object  of  nitrogenous  food 
is  to  form  tissue  (other  than  fat),  and  only  these  foods  do 
fulfil  that  end.  You  must  quite  understand,  also,  that  in 
nearly  everything  that  we  eat  there  is  more  than  one  class 
of  food.  Thus,  in  an  egg,  in  a potato,  in  a loaf  of  bread, 
or  in  a joint  of  meat,  you  have  a combination  of  two 
or  three  of  the  classes.  It  is  of  particular  elements  in 
the  various  articles  of  food  that  I am  now  writing.  Thu'^, 
among  nitrogenous  compounds — under  this  head  comes 
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that  substance  of  which  the  white  of  egg  is  composed, 
called  albumen  ; gluten.^  which  is  found  in  flour ; casein., 
the  chief  component  part  of  cheese ; the  jibrine  of  blood, 
and  such  substances  as  gelatine,  and  legumin  which  is 
found  in  beans.  But,  at  the  same  time,  an  egg  is  not  all 
white ; flour  contains  starch  as  well  as  gluten ; and 
although  cheese  is  made  out  of  milk,  yet  it  is  not  the 
whole  of  the  milk.  You  will  see,  however,  that  before 
you  can  know  the  value  of  any  given  article  of  diet  you 
must  be  acquainted  with  the  proportion  which  it  contains 
of  each  class  of  food,  and  the  quantity  of  each  which 
the  body  requires.  The  latter  is  what  you  are  reading 
about  just  at  present. 

The  nitrogenous  food,  you  would  observe,  is  found 
alike  in  animal  and  vegetable  articles  of  diet — in  eggs, 
milk,  and  flesh,  as  well  as  in  flour,  cabbages,  and  beans. 
It  has  been  found  that  these  compounds  are  identical 
in  animals  and  vegetables.  The  nitrogenous  compounds 
are  often  called  proteids,  from  a Greek  word  expressing 
the  primitive  state  of  living  matter,  because  the  four 
elements  which  the  nitrogenous  foods  contain  are  found 
in  all  living  things,  whether  belonging  to  the  one  or  the 
other  kingdom.  This  is  probably  the  best  name  for  them. 

The  second  class  of  food  is  the  fats.  This  includes 
oils,  butter,  animal  fat,  and  the  like.  The  most  im- 
portant difference  between  the  first  class  and  this  one  is, 
that  fats  are  composed  only  of  carbon,  hydrogen,  and 
oxygen  ; there  is  no  nitrogen  in  them  at  all.  Fat  is  not, 
therefore,  a flesh-former,  and  it  would  be  quite  impos- 
sible for  a person  to  live  who  ate  nothing  but  fatty  sub- 
stances. The  office  of  this  class  of  foods  is  to  sustain 
our  heat.  We  already  know  that  when  carbon  combines 
with  oxygen  in  the  body,  heat  is  produced ; and  as 
about  eighty  in  every  hundred  parts  of  a fatty  food  are 
carbon,  we  see  how  the  heat  of  our  bodies  is  largely  pro- 
duced by  this  kind  of  food. 
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The  third  class  of  food-stufifs  are  called  amyloids.,  or 
starches.  In  this  class  are  included  all  kinds  of  sugar  and 
gums.  These  are  made  up  of  just  the  same  elements 
as  the  fats — that  is,  of  carbon,  hydrogen,  and  oxygen, 
without  any  nitrogen ; and  differ  from  fats  only  in  the 
proportion  of  each  material.  In  the  fats,  as  just  men- 
tioned, eighty  parts  in  one  hundred  are  carbon ; in  the 
amyloids,  only  forty  parts  per  hundred  are  composed  of 
that  element.  The  amyloids  are  also,  of  course,  body- 
warmers,  and  not  flesh-formers. 

I must  here  remind  you  of  some  facts  which  were  stated 
in  the  last  chapter.  You  will  remember  that  I mentioned 
that  the  saliva,  and,  later  on,  the  pancreatic  juice,  had  a 
peculiar  action  upon  the  starch  found  in  bread  and  other 
vegetables,  turning  it  into  sugar.  The  reason  for  this  action 
is  that  starch  cannot  be  dissolved  sufficiently  to  be  absorbed 
by  osmosis,  while  sugar  is  very  easily  so  taken  into  the  sys- 
tem. It  was  said  also  that  a considerable  portion  of  the 
chyme  was  sucked  into  the  blood  through  the  delicate 
coats  of  the  veins  of  the  stomach.  I must  now  add 
what  you  would  not  then  have  comprehended — that  it  is 
the  digested  proteids,  and  any  portions  of  sugar  which 
the  saliva  may  have  prepared,  that  are  thus  taken  directly 
into  the  circulation.  Finally,  you  will  remember  that  I 
said  that  fats  passed  into  the  intestine,  and  were  only 
digested  there  by  their  admixture  with  bile ; reaching 
the  current  of  the  blood  through  the  lymphatic  system. 
Most  vegetables  also  are  finally  digested  in  the  intestines. 

The  fourth  class  of  food-stuff's  is  composed  of  water 
and  different  kinds  of  salts — all  inorganic  principles. 
Water  forms  a very  important  part  of  our  food.  A 
man  weighing  one  hundred  and  fifty-four  pounds 
(eleven  stone)  is  calculated  to  have  about  ninety 
pounds  of  water  in  his  body.  Its  use  is  to  dissolve  the 
food  (because,  you  know,  osmosis  is  the  passage  oi  fluids 
through  membrane,  and  undissolved  food  cannot  be 
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absorbed)  and  to  form  the  numerous  fluids  of  the  sys- 
tem. The  salts  are  every  whit  as  necessary  to  us  as  the 
flesh-formers.  We  need  lime  for  the  formation  of  our 
bones,  phosphorus  for  the  brain,  iron  for  the  blood, 
magnesium  and  potash  for  the  tissues,  sulphur  for  the 
hair,  and  common  salt  in  very  many  wayk  These 
various  salts  are  taken  by  us  all  without  our  knowing  it, 
generally  speaking.  They  are,  in  more  or  less  quantity, 
in  nearly  everything  that  we  eat. 

I am  afraid  that  you  may  have  been  finding  this  all 
rather  dry;  but  we  are  now  going  on  to  its  practical 
application,  and  that  will  be  more  interesting  to  those 
who  have  no  taste  for  “ pure  ” science. 

You  must  remember  that  from  our  food  we  obtain 
all  our  force,  all  our  working  power,  whether  muscular 
or  mental,  we  replace  our  tissues  and  replenish  our 
exhausted  economy.  For  every  effort  of  any  kind  that 
we  make,  so  much  force  is  expended,  and  so  much 
tissue  is  used  up.  Those  who  work  most,  therefore, 
require  most  food,  and  the  greater  the  exertion  the  more 
plentiful  and  nutritious  the  food  should  be.  As  the  old 
rhyme  had  it — 

“ Black  hands  that  work  must  have  plenty  to  eat,” 

and  so  likewise  must  the  white  hands  that  guide  the  pen 
of  the  statesman,  the  thinker,  and  the  student.  Power 
is  in  direct  relation  to  the  quantity  of  food  (not  eate?t 
but)  healthily  absorbed.  Dr.  Lankester  tells  a story  of 
a great  railway  contractor  who  sometimes  had  to  dis- 
charge a hundred  men  in  one  day,  and  who  used,  upon 
such  occasions,  to  go  round  the  works  at  dinner-time, 
and  select  the  men  with  the  poorest  appetites  for  dis- 
missal ! 

To  eat  more  food  than  can  be  used  in  the  body,  or 
to  eat  too  great  quantities  of  proteids,  and  not  enough 
of  carbonaceous  food,  or  vice  versa.,  is,  however,  a source 

F 


66 


THE  HOUSE  OE  IJ EE. 


of  weakness,  and  not  of  strength,  since  the  act  of  diges- 
tion itself  uses  up  some  of  our  force.  We  must,  there- 
fore, instruct  ourselves  upon  these  points,  if  we  would 
eat  our  food  to  the  best  advantage. 

Physiologists  calculate  the  quantity  of  nitrogen  and 
carbon  used  up  and  excreted  daily  by  an  ordinary  man, 
and  gather  thence  that  he  needs  about  four  thousand 
grams  of  carbon  to  three  hu7idred  grams  of  nitrogen; 
that  is,  about  thirteen  times  as  much  of  the  body-warmer 
as  of  the  flesh-former. 

Experiments  upon  animals  have  shown  that  it  is 
possible  to  live  healthily  for  a long  time  upon  proteids 
and  water,  because  the  former  contain  carbon  as  well  as 
nitrogen.  But  animals  fed  only  upon  fats  or  amyloids 
very  quickly  begin  to  lose  weight,  and  soon  die,  because 
these  classes  of  food  contain  no  nitrogen,  no  flesh-form- 
ing material.  We  might.,  therefore,  live  upon  such  sub- 
stances as  white  of  egg,  etc.  But  this  would  be  a most 
extravagant  way  of  living,  because,  to  get  the  proper  quantity 
of  carbon  out  of  such  foods,  we  should  have  to  eat  very 
much  more  nitrogen  than  we  required. 

For  instance,  in  white  of  egg,  which  is  nearly  pure 
albumen,  there  are  about  three  and  a half  times  as  many 
parts  of  carbon  as  there  are  of  nitrogen.  But,  as  was  just 
said,  a man  requires  in  his  daily  food  thirteen  times  as 
much  carbon  as  he  does  nitrogen.  Before  he  could  obtain 
from  white  of  egg,  therefore,  as  much  carbon  as  he  needs, 
he  would  have  to  eat  four  times  the  necessary  quantity  of 
nitrogen.  Thus,  he  would  have  a large  surplus  of  nitrogen 
in  his  body,  which  would  be  wasted,  and  have  to  be  carried 
away  unused  by  the  appointed  organs  ; and  both  these  and 
the  digestive  apparatus  would  be  dreadfully  overworked. 

But  as  nearly  all  the  things  that  we  eat  are  composed 
of  two  or  more  of  the  classes  I have  named,  we  do  not 
get  deeply  into  this  sort  of  difficulty  practically,  notwith- 
standing that  there  is  much  waste  from  ignorance  of 
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what  this  chapter  teaches.  But  experience  has  usually 
taught  man  what  are  the  best  kinds  of  food  for  given 
circumstances,  and  in  some  degree,  how  he  should 
combine  his  various  articles  of  diet  to  get  as  much 
good  out  of  as  little  substance  as  possible.  Thus,  the 
natives  of  Greenland  eat  large  quantities  of  that  fat  called 
blubber ; while  the  people  of  tropical  regions,  in  their 
hot  seasons,  subsist  almost  entirely  upon  fruits,  in  which 
there  is  scarcely  any  carbon.  Men  in  different  parts  of 
the  globe  eat  very  strange  things,  as  it  appears  to  us ; 
but  life  would  not  exist  in  any  place  where  it  was  not 
possible  for  living  creatures  to  obtain  just  those  foods 
which  are  suitable  to  the  climate  and  circumstances. 

A few  words  about  peculiar  foods  will  give  our  think- 
ing faculties  a comfortable  rest. 

Dr.  Livingstone  remarks,  in  one  of  his  works,  that 
his  children,  travelling  with  him  in  Africa,  thought  a dish 
of  a kind  of  caterpillar  stewed  a great  delicacy.  Mr. 
Bates,  author  of  The  Natu7'alist  on  the  Amazofi^  said  that 
the  flesh  of  the  spider  monkey  was  the  best  meat  he 
ever  tasted.  Elephants’  hearts  and  feet  are  said  by  Mr. 
Baldwin,  in  African  Hunting.,  to  be  very  tender  and 
good.  The  Africans  eat  also  the  flesh  of  alligators.  The 
Chinese,  as  well  as  that  often-mentioned  delicacy, 
“ puppy-pie,”  eat  a kind  of  sea  snail,  stewed  ; and  seem  to 
be  partial  to  various  kinds  of  raw  fish.  The  Russians  also 
eat  raw  a species  of  salmon  ; and  the  Hottentots  eat  ants 
uncooked.  But  we  in  England  must  not  profess  horrors 
at  such  an  idea  as  this  last ; for  our  most  esteemed 
cheese  is  that  which  produces  the  most  mites,  and  game 
and  venison  are  purposely  kept  by  our  cooks  until  they 
are  “high.”  It  is  fortunate  for  the  gourmands  who  eat 
this  sort  of  food  that  the  gastric  juice  has  great  deodoris- 
ing power. 

We  have  now  studied  the  special  action  in  the  body 
of  each  of  the  four  classes  of  food- stuffs  ; and  we  have 
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learnt  that  the  proper  proportion  to  be  kept  between  the 
nitrogenous  and  the  carbonaceous  matters  in  our  daily 
diet  is  three  hundred  grains  of  the  former,  to  something 
more  than  four  thousand  of  the  latter.  To  enable  every 
one  of  us  to  construct  his  own  table  of  diet,  it  is  only 
now  necessary  to  learn  in  what  proportion  the  elementary 
constituents  are  present  in  some  of  the  most  common 
articles  of  daily  food. 

Meat,  like  all  other  so-called  “ solid  food,”  contains 
a large  proportion  of  water — no  less  than  seventy-two 
parts  per  cent ; that  is  to  say,  seventy-two  ounces  in  every 
hundred  ounces  of  meat  are  water.  About  fifteen  per 
cent  is  the  flesh-former,  albumen ; and  about  eight  per 
cent  would  be  fat.  Cooking  the  meat  makes  a good 
deal  of  difference.  Water  is  driven  out  of  the  meat,  if 
it  be  roasted ; or  drawn  out  if  it  be  boiled.  This  is  the 
reason  why  meat  always  loses  weight  in  cooking.  A 
pound  of  raw  meat,  therefore,  will  be  less,  so  far  as  weight 
goes,  when  it  comes  from  the  cook.  If  properly  treated, 
it  will  not  have  lost  much  of  its  nourishing  power ; but 
since  it  has  got  rid  of  a good  deal  of  water  without  part- 
ing with  its  nitrogenous  and  fatty  matters,  it  is  clear  that 
more  parts  in  a hundred  must  be  actual  food.  Cooked 
meat,  then,  is  composed  of  about  fifty-four  parts  in  one 
hundred  of  water,  twenty-seven  of  albumen,  and,  if  the 
gravy  be  used,  fifteen  of  fat.  One  pound  of  uncooked 
mutton  or  beef  contains  about  184  grains'^  of  nitro- 
genous, and  1854  grains  of  carbonaceous  matter. 

Few  vegetables  contain  so  much  nutriment  in  so 
small  a bulk  as  does  meat ; it  is  found  also  to  be  more 
quickly  and  easily  digested  than  vegetables.  Meat  con- 
tains a peculiar  principle,  called  kreatin  by  chemists, 
which  acts  as  a stimulant  to  the  system,  and  the  potash  salts 

* There  are  4374  grains  in  one  ounce  avoirdupois.  The  nutritive 
values  here  given  are  taken  from  Dr.  Letheby’s  analysis,  in  his 
admirable  work  on  Food. 
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which  are  found  in  meat  assist  the  assimilation  of  food. 
Consequently,  a meal  that  includes  meat  seems  much  more 
refreshing  and  satisfying  than  one  without  it.  The  pre- 
sence of  these  extractives  makes  extract  of  meat  valuable 
in  weakness  and  exhaustion.  These  are  facts  which  it  is 
necessary  to  know  before  any  one  can  form  an  opinion 
upon  vegetarianism,  the  advocates  of  which  would  per- 
suade us  to  leave  off  eating  meat  of  every  kind.  There 
are  points  of  resemblance  in  the  teeth  of  man  to  those 
both  of  animals  that  subsist  entirely  on  herbs,  and  of 
animals  that  eat  flesh ; this  seems  to  show  that  a 
mixed  diet  is  the  proper  one  for  man,  and  the  length 
of  the  intestines  goes  to  prove  the  same  thing.  At 
the  same  time,  it  is  beyond  question  that  health  and 
strength  may  be  maintained  on  a well-selected  diet  of 
vegetables  alone;  and  those  who  subsist,  like  John  the 
Baptist,  upon  the  fruits  of  the  earth,  are  ensured 
against  the  danger  of  eating  parasitic  disease  in  meat. 

The  measle-worm  (Fig.  9),  which 
exists  in  the  flesh  of  diseased  pigs, 
produces  tape -worm  in  the  hu- 
man subject,  when  the  eggs  are 
eaten.  The  flesh  of  a suspected  pig 
should  always  be  thoroughly  cooked, 
since  these  eggs  are  destroyed  by  a 
heat  of  160  degrees. 

A diet  of  meat  alone  would  not  be 
a physiologically  economical  one ; 
more  nitrogen  than  necessary  would  9 — Measle-Worm 

be  taken  before  the  proper  quantity  of  carbon  would  be 
obtained.  When  bread  or  potatoes  are  also  eaten,  the 
proportions  are  better  kept. 

If  we  seek  to  obtain  our  nitrogen  from  the  vege- 
table world,  one  of  the  best  articles  of  diet  is  oatmeal. 
This  valuable  grain  contains  2831  grains  of  carbon 
and  136  grains  of  nitrogen  in  every  pound.  The  only 
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vegetable  food  which  really  contains  more  nutriment  in 
one  pound  than  does  meat,  is  split  peas.  These  have 
2699  grains  of  carbon  and  248  grains  of  nitrogen  in  every 
pound.  Look  back  a page,  and  see  how  much  this 
exceeds  meat. 

But  most  vegetables  are  composed  chiefly  of  water 
and  starch.  Parsnips,  turnips,  and  marrows  are  the 
least  nutritious  of  all,  containing  only  about  12  grains  of 
nitrogen  and  300  to  500  of  carbon  in  the  pound. 
Potatoes  have  769  grains  of  carbon,  and  22  only  of 
nitrogen ; so  that  to  obtain  from  them  the  necessary 
300  grains  of  flesh-forming  material,  a man  would 
have  to  eat  at  least  1 2 pounds  of  potatoes,  and 
in  those  there  would  be,  of  course,  very  much  more 
water  than  would  be  good  for  him,  and  excess  of 
carbon.  The  Irish  poor,  who  very  nearly  live  on 
potatoes,  supply  their  deficiencies  by  drinking  milk,  or 
at  least  butter-milk,  both  of  which,  as  we  shall  see 
presently,  contain  much  nitrogen.  Green  vegetables 
have  420  grains  of  heat-forming,  and  14  grains  of  flesh- 
forming material. 

''I'he  great  value  of  fresh  vegetables,  however,  to 
people  who  eat  meat,  is  not  so  much  the  small  propor- 
tion of  carbon  and  nitrogen  which  most  of  them  possess, 
as  the  salts  which  they  give,  and  which  we  cannot  obtain 
so  healthily  in  any  other  form.  People  who  are  deprived 
of  vegetables  and  fruits,  as  are  sailors  on  long  voyages, 
get  that  distressing  complaint,  scurvy.  In  most  fruits 
there  is  scarcely  any  nutritive  matter ; but  there  is  a 
good  deal  of  potash  in  them,  especially  in  lemons  and 
limes.  Not  the  least  service  that  the  great  navigator. 
Captain  Cook,  did  the  world,  was  that  of  demonstrating 
the  possibility  of  keeping  a ship’s  crew  healthy  during 
very  long  voyages  by  means  of  attention  to  this  point, 
and  now  every  vessel  that  sails  under  the  English  flag 
must  be  provided  with  lime  juice  for  preserving  the  health 
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of  the  poor  sailors,  to  whom  fresh  vegetables  are  impos- 
sible luxuries. 

Bread,  “ the  staff  of  life  ” in  this  country,  demands  a 
little  special  attention.  In  a pound  of  ordinary  baker’s 
bread  there  are  1975  grains  of  carbon,  and  88  of  nitrogen. 
Thus,  about  four  pounds  of  bread  would  give  the  required 
quantity  for  a day’s  food  of  both  heat  and  flesh  forming 
material ; but  more  than  enough  starch  would  thus  be 
taken,  although  the  good  balancmgoi  these  two  elements 
of  food  in  bread  is  one  of  its  great  recommendations. 
Bread  is  deficient  in  fat ; hence,  butter  is  eaten  with  it. 

But  the  small  proportion  of  fat  which  wheat  does 
contain,  together  with  other  valuable  matter,  is  wasted 
almost  always  in  England.  Directly  beneath  the  thin 
skin  which  covers  a kernel  of  wheat  is  a dark-brown  layer, 
which  contains  both  a good  deal  of  gluten  (the  nitro- 
genous part  of  the  grain),  and  most  of  the  oil  of  the 
wheat.  This  dark  portion  of  the  kernel  is  precisely  that 
which  the  miller  bolts  away  from  the  flour,  and  calls 
bran.  Many  of  the  mineral  ingredients  of  wheat  are 
also  thus  throwm  away.  The  whiter  flour  is,  the  more 
carefully  has  the  dark  outer  layer  of  the  wheat  been 
removed ; and  in  the  very  finest  flour  there  is  only  found 
I per  cent  of  mineral  food-stuffs,  while  in  “ brown  ” 
flour,  as  that  is  called  which  is  made  of  the  whole  kernel 
of  wheat,  there  are  about  six  parts  per  cent  salts.  In 
addition  to  the  greater  quantity  of  nutriment  contained 
in  brown  bread,  it  is  found  that  its  use  prevents  con- 
stipation ; and  there  is  scarcely  a more  injurious  habit 
than  that  of  constantly  taking  quack  pills.  For  more 
than  one  reason,  therefore,  the  occasional  substitution 
of  brown  for  white  bread  in  the  daily  diet  is  to  be  recom- 
mended. 

Milk  must  be  mentioned  here  as  an  article  of  food  ; 
it  cannot  fairly  be  classed  among  the  beverages,  with 
which  our  next  chapter  will  deal.  In  new  milk  there 
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are  599  grains  of  carbon  per  pound  three-quarters 
of  a pint),  and  44  of  nitrogen ; twice  as  much  of  the 
latter  as  in  potatoes.  Cream  is  fat ; hence  skimmed 
milk  has  less  carbon,  but  the  same  nitrogen.  Butter- 
milk has  387  grains  of  carbon,  and  44  of  nitrogen.  When 
■milk  enters  the  stomach,  it  is  turned  into  curds  and 
whey  by  the  gastric  juice  \ the  water  is  at  once  sucked  up 
by  the  veins  of  the  stomach,  and  the  curds  are  regularly 
digested.  Milk  contains  too  much  water  (86  per  cent) 
to  be  used  alone  as  a food ; but  in  combination  with 
bread,  potatoes,  or,  above  all,  with  oatmeal,  it  is  one  of 
the  most  valuable  and  easily  digested  articles  of  diet. 
It  is  nature’s  typical  food,  upon  which  the  young  of 
most  animals  live  for  a considerable  time ; as  we  have 
seen,  it  contains  exactly  the  proper  proportions  of  nitro- 
gen and  carbon,  and  the  salts  are  also  found  in  it  in 
precisely  the  right  quantities. 


CHAPTER  VII. 


THE  HYGIENE  OF  FOOD. 

My  readers  are  already  aware  that  liquids  are  as  much 
a portion  of  our  diet  as  solids.  The  only  necessary  fluid 
food  is  pure  water ; but  we  take  various  beverages  in  our 
daily  diet  which  are  of  the  greatest  hygienic  importance. 
The  influence  of  these  fluids  upon  health  is  to  occupy 
us  now  for  a little  while. 

The  one  essential  and  natural  beverage  is  pure  water. 
Beautiful  in  its  clear  sparkle  as  the  diamond  for  which 
men’s  lives  have  been  spent,  sweet  and  refreshing  as  the 
nectar  which  the  ancients  imagined  for  their  gods,  water 
would  be  the  most  highly-prized  of  beverages  but  for 
the  fact  that  it  is  as  easily  obtained  as  it  is  really  valu- 
able. Unfortunately,  many  persons  are  only  able  to 
judge  of  the  value  of  a thing  by  the  difficulty  which  they 
have  in  becoming  possessed  of  it.  Thus  the  very 
reasons  for  which  men  should  perceive  the  suitability 
of  water,  in  its  pure  unadulterated  condition,  for  their 
ordinary  drink — the  facts  that  it  is  everywhere,  lighting 
up  every  landscape ; that  it  is  prepared  in  Nature’s  own 
distillery,  and  that  every  lake,  every  river,  every  mountain 
stream  from  which  we  drink  is  fed  directly  from  the 
skies ; that  the  lower  animals,  whose  strength  is  often  so 
much  greater,  and  whose  lives  are  often  so  much  longer 
than  man’s,  have  it  alone  for  their  thirst — these  very 
facts  are  foolishly  misinterpreted  to  mean  that  artificial 
drinks  are  more  worthy  of  that  lordship  over  Nature 
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upon  which  the  vanity  of  man  so  prides  itself.  It  verily 
seems  as  though  some  people  do  ignorantly  believe  even 
science  itself  to  teach  that  a man  should  never  quench  his 
thirst  with  water  except  when  he  can  get  nothing  else. 
I have  been  seriously  asked,  more  than  once,  if  I did  not 
hold  the  drinking  of  pure  water  at  meal  times  to  be  a 
fatal  practice? 

Dismiss  from  your  minds  any  such  grievous  and 
hurtful  prejudices  against  the  freest  use  of  this  necessary 
food  in  its  pure  state.  It  is  true,  every  variety  of 
artificial  beverage  is  really  only  water  in  a sophisticated 
condition ; but  it  is  most  necessary  for  health  to  take,  in 
the  words  of  Dr.  Lankester,  “ a portion  of  the  water  we 
consume  as  pure  as  it  can  be  had.”  It  is  the  water 
itself  that  is  the  necessary  of  life.  By  adding  to  water 
you  may  injure  your  health,  but  it  is  impossible  that  you 
can  improve  the  pure  liquid  for  the  ends  for  which  your 
system  needs  it.  Water,  and  water  alone,  can  dilute  the 
food  and  supply  the  body  with  its  fluids.  Substances 
added  to  the  water  may  interfere  with,  but  cannot  assist, 
its  work. 

All  our  supplies  of  fresh  water  come  from  the  vapour 
gathered  in  the  air.  But  it  makes  a good  deal  of  differ- 
ence whether  we  take  it  as  rain-water,  direct  from  the 
air,  or  whether  it  passes  through  the  ground,  and  re- 
appears as  a spring  or  a well  before  we  drink  it.  Rain- 
water is  not  often  drunk  in  this  country;  but  in  Venice, 
and  other  cities  where  it  is  used,  it  is  found  to  be 
healthy.  Water,  as  before  mentioned,  is  one  of  the 
principal  sources  by  which  we  take  in  our  necessary 
salts.  These  are,  of  course,  dissolved  in  the  water  ; and 
their  quantity  is  found  by  adding  chemicals  which  will 
make  the  mineral  matters  separate  from  the  fluid,  and  by 
evaporating  it  and  weighing  the  residue.  Rain-water 
contains  about  two  grains  of  solids  to  the  gallon. 

Water  becomes  changed  by  the  character  of  the  soil 
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through  which  it  runs,  and  it  is  in  this  way  that  mineral 
springs  are  produced.  Too  great  a quantity  of  any  salt 
in  it  will  render  it  injurious  to  health.  The  best  water 
is  that  with  which  soap  rubs  well,  and  in  which  vege- 
tables cook  readily.  Water  which  has  an  unpleasant 
smell  is  not  fit  for  drinking. 

The  impurity  in  water  which  is  most  commonly 
dangerous  to  health  is  decayed  organic  matter.  Shallow 
wells  and  springs,  especially  in  the  neighbourhood  of 
towns,  are  dangerous  sources  of  water  supply,  because  they 
are  exceedingly  likely  to  be  tainted  with  organic  matter 
from  leaky  sewers,  or  from  graveyards.  Sewage  matter 
is  rendered  harmless  by  oxidation  in  percolating  through 
the  ground  down  to  a deep  spring.  But  the  more  shallow 
a well,  the  greater  is  the  danger  of  drinking  sewage 
matter  in  its  water.  The  most  sparkling  and  tasteless 
water  may  be  thus  contaminated.  The  test  for  it  is  to 
add  a small  quantity  of  Condy’s  fluid  to  a little  of  the  sus- 
pected water.  If  the  solution  very  rapidly  becomes  pale, 
then  organic  matter  is  present  in  considerable  quantity. 

It  does  not  appear  certain  that  organic  matter  in 
itself  necessarily  injures  health.  But,  not  to  speak  of 
the  unpleasantness  of  partaking  of  dilute  sewage,  water 
thus  contaminated  is  unquestionably  dangerous,  and  not 
fit  to  drink,  for  the  reason  that  at  any  moment  there 
may  be  poured  into  it  the  seeds  of  some  infectious 
disease.  Thus,  water  which  has  long  seemed  perfectly 
good,  may,  if  it  contain  organic  matter,  suddenly  carry 
disease  and  death  into  nearly  every  house  where  it  is 
used,  because  of  the  seeds  from  one  case  of  infectious 
disease  being  taken  into  it  through  the  sewer  leakage. 
I could  recount  many  recorded  cases  where  this  has 
actually  happened,  if  to  do  so  were  necessary. 

Water  readily  absorbs  gases.  For  this  reason  the 
cistern  should  be  placed  as  far  as  possible  away  from  all 
sources  of  foul  air,  and  should  be  kept  well  covered  over. 
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Lead  is  sometimes  taken  up  by  water  from  the  pipes 
in  which  it  stands.  The  Orleans  Royal  family  at  Clare- 
mont were  nearly  poisoned  in  that  manner.  The  pre- 
sence of  this  mineral  poison  causes  a yellow  precipitate 
when  iodide  of  potassium  is  added  to  the  water.  Whenever 
water  has  been  kept  long  standing  in  leaden  pipes,  as  by 
the  absence  of  a family  from  home,  the  cistern  should  be 
quite  emptied,  and  after  that  the  tap  should  still  be 
allowed  to  run  for  a quarter  of  an  hour  when  the  main 
is  turned  on,  to  remove  that  water  which  has  been  stag- 
nant in  the  house  pipes. 

When  there  is  any  reason  to  fear  that  the  water  sup- 
plied to  a house  for  drinking  is  impure,  there  are  two 
things  which  can  be  very  readily  done  to  improve  it. 
The  first  is,  to  boil  the  fluid  always  before  drinking  it ; 
this  destroys  most  of  the  animal  impurities,  and  drives 
off  any  excess  that  there  may  be  of  some  kinds  of  salts. 
The  second  plan  is,  to  pass  the  water  through  a charcoal 
filter.  Such  filters  cost  very  little  money,  and  are  of  the 
greatest  value.  Charcoal  removes  at  least  fifty  per  cent 
of  dissolved  animal  or  vegetable  matters,  and  about  one- 
third  of  the  excess  of  salts.  In  other  words,  it  has  the 
power  of  cleansing  impure  water,  and  of  turning  hard 
water  into  soft. 

Warm  drinks  assist  the  action  of  the  stomach,  and 
promote  the  absorption  of  chyle.  The  ancient  Romans 
drank  simple  hot  water ; we  make  tea,  coffee,  and  choco- 
late with  boiling  water,  and  drink  these  as  warm  bever- 
ages. Thus,  in  our  hot  drinks,  we  get  other  action  than 
that  of  merely  the  heat. 

Cocoa  makes  a healthful  hot  beverage.  It  contains, 
if  it  is  not  adulterated  by  the  addition  of  some  form  of 
starch,  140  grains  of  flesh-forming  and  3934  grains  of 
body-warming  material  in  every  pound. 

Tea  and  coffee  may  be  spoken  of  together.  They 
are  both  mild  nervous  stimulants.  There  are  extractives 
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in  tea  and  coffee  which  would  be  poisonous  if  taken  in 
sufficient  quantity ; but  these  same  substances,  partaken 
of  in  moderation,  give  a gentle  stimulus  to  the  brain 
and  the  nervous  system,  and  arouse  the  mind  into 
activity.  From  this  point  of  view,  tea  and  coffee  are 
useful  beverages  to  take  at  breakfast,  when  we  require 
to  be  thoroughly  awakened  from  our  night’s  sleep,  and 
again  toward  the  evening,  when  we  are  wearied  with 
the  day’s  work.  But  the  same  properties  which  make 
them  useful  at  these  times,  make  them  injurious  if 
they  are  taken  when  going  to  bed,  or  in  excessive 
quantity  at  any  time.  The  substance  peculiar  to  tea 
is  called  theme ; and  the  same  element  in  coffee,  which 
is  chemically  identical  with  that  in  tea,  is  called  caffeine. 
This  substance  (for  though  called  by  two  names,  it  is 
practically  only  one)  contains  a good  deal  of  nitrogen. 
Its  value  as  a food,  however,  scarcely  depends  upon  the 
nitrogen  that  it  contains,  for  we  do  not  take  a sufficient 
number  of  grains  to  make  it  of  any  importance  if  it  were 
altogether  flesh-forming  material.  But  chemists  seem  to 
have  established  by  experiment  that  the  result  of  taking 
a few  grains  of  theine  daily  is  that  our  food  goes  further ; 
theine  has  in  some  way  the  power  of  preventing  waste  of 
tissue.  Tea  and  coffee  are,  therefore,  useful  both  as 
mild  stimulants  and  as  assistant-foods,  so  to  speak.  Pro- 
fessor Johnston  says  that  half  an  ounce  of  good  tea  daily, 
which  contains  about  four  grains  of  theine,  is  a fair  allow- 
ance for  most  grown-up  persons ; but  that  twice  this 
quantity  is  almost  always  hurtful. 

Alcoholic  drinks — brandy,  wine,  beer,  etc. — compare 
very  unfavourably  with  tea  and  coffee  as  refreshing 
beverages,  while  as  foods  they  have  no  value.  Dr. 
Parkes,  professor  of  hygiene  at  the  Army  Medical 
School,  Netley,  and  author  of  the  standard  work  on 
health,  not  long  ago  tried  experiments  upon  this  subject. 
He  sent  out  “ three  intelligent  and  trustworthy  soldiers,” 
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dressed  as  for  a march,  to  walk  a certain  distance  in  a 
given  time.  Upon  one  day  they  had  an  allowance  of 
rum ; the  next  day  one  of  coifee ; and  the  third  day  one 
of  Liebig’s  extract  of  meat.  When  they  came  back  after 
each  instalment  of  their  march,  Dr.  Parkes  took  their 
temperature  and  the  rate  of  their  pulse  ; and  at  last  they 
were  called  upon  to  give  the  evidence  of  their  sensations 
after  each  stimulant.  There  was  perfect  agreement  be- 
tween the  three  men  as  to  the  relative  value  of  the 
articles.  First  they  all  placed  the  extract  of  meat,  saying 
that  after  it  they  felt  as  though  they  had  had  a meal. 
Next  they  approved  of  the  coffee,  although  Dr.  Parkes 
thought  he  gave  it  to  them  in  too  small  quantities. 
Finally,  their  testimony  about  the  spirit  was  that  it  gave 
them  “ a spurt  to  begin  with,”  but  after  they  had  gone 
about  a mile  and  a half  they  felt  worse  than  they  did 
before  they  had  it.  The  coffee  and  meat  extract  did  not 
produce  this  after-fatigue.  This  carefully-made  experi- 
ment alone  might  almost  settle  the  question  as  to  the 
permanent  reviving  influence  of  alcohol.  But  there  is 
much  more  evidence.  The  doctors  and  the  men  who 
went  through  the  Ashantee  campaign  agree  in  saying 
that  when  alcohol  was  issued  in  the  middle  of  a march 
its  effects  very  quickly  went  off,  and  left  them  worse  than 
before.  “ During  the  late  Franco-German  war,  the  Ger- 
man army  surgeons  spoke  most  highly  of  the  beneficial 
action  of  hot  tea  and  coffee  as  compared  with  alcoholic 
drinks  in  calming  the  mind,  relieving  the  stiffness  of 
limbs  wearied  by  long  marching,  and  preventing  the  ill 
effects  of  sleeping  in  wet  clothes.  They  are  also  pro- 
tective against  malarious  (impure  air)  influences,  and 
their  invigorating  action  is  not  succeeded  by  subsequent 
depression  or  collapse.”  Thus  writes  Dr.  Clapton  “ On 
Tea.”  Observations  have  many  times  been  made  upon 
the  capacity  of  total  abstainers  to  bear  fatigue ; and  it 
has  never  been  found  that  they  were  inferior  in  this 
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respect  to  those  who  drank  alcohol,  though  so  many 
“ unknown  factors  ” come  into  any  attempt  to  compare 
individuals  in  this  way  that  such  evidence,  if  it  stood 
alone,  could  not  be  taken  as  of  great  value. 

So  much  for  spirituous  liquors  as  aids  to  exertion,  in 
practical  experience.  As  food — that  is  to  say,  as  a daily 
drink — they  are  far  worse  than  useless.  Such  drinks  are 
composed  almost  wholly  of  alcohol  and  water.  There  is 
no  nitrogen  in  alcohol ; therefore  it  yields  no  flesh-form- 
ing material.  But  it  was  once  believed  that  it  did  act  as 
a heat  and  force  producing  food ; since  it  would  burn 
and  evolve  heat  outside  the  body,  it  was  supposed  that, 
in  like  manner,  it  would  produce  animal  heat.  But  it  is 
now  made  certain  that,  on  the  contrary,  it  reduces  tem- 
perature, and  decreases  the  body’s  force.  It  acts  thus 
because  some  of  the  oxygen  which  is  circulating  in  the 
blood  is  taken  away  from  its  proper  work  of  combining 
with  carbon  to  make  heat,  to  combine  with  the  alcohol ; 
and  there  is  not  any  heat  produced  by  the  mixture  in 
our  bodies  of  alcohol  and  oxygen.*  Dr.  Richardson, 
one  of  the  most  eminent  of  living  physiologists,  after 
making  the  above  fact  quite  clear,  says  : “ Alcohol  can- 
not, by  any  ingenuity  of  excuse  for  it,  be  classified 
amongst  the  foods  of  man.  It  neither  supplies  matter 
for  construction  nor  heat.  On  the  contrary,  it  injures 
construction,  and  it  reduces  temperature.  . . . That  this 
spirit  gives  any  persistent  increase  of  power,  by  which 
men  are  enabled  to  perform  more  sustained  work,  is  a 
mistake  as  serious  as  it  is  universal.  ” 

It  is  quite  certain,  then,  that  wine,  spirits,  and  so 
forth,  cannot  be  taken  as  foods ; and  to  this  fact  must  be 
added  the  statement  made  by  the  great  surgeon.  Sir 
Henry  Thomson,  in  the  following  words  : — “ I have  no 
hesitation  in  attributing  a very  large  proportion  of  some 

■*  “On  Alcohol,”  the  Cantor  Lectures,  by  B.  W.  Richardson, 
M.D.,  F.  R.S.,  etc. 
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of  the  most  painful  and  dangerous  maladies  which  come 
under  my  notice,  as  well  as  those  which  every  medical 
man  has  to  treat,  to  the  ordinary  and  daily  use  of  fer- 
mented drink  taken  in  the  quantity  which  is  deemed 
moderate.” 

It  is  thus  clear,  all  things  being  taken  into  account, 
that  the  best  dietary  is  one  which  has  no  alcohol  in  it  at 
all.  Persons  who  have  for  years  accustomed  themselves 
to  the  daily  use  of  stimulants  would  generally  find  it 
difficult  to  give  them  up,  even  though  permanent  good 
to  health  would  be  gained  by  so  doing ; but  young  folks, 
who  are  still  free  to  choose  what  they  will  do  in  this 
matter,  will  be  the  better  for  it  all  their  lives  if  they 
decide  in  their  youth  that  they  will  not  make  alcohol  a 
portion  of  their  daily  food.  I speak  quite  from  a scien- 
tific point  of  view. 

Of  its  effects  upon  the  brain,  I must  speak  briefly 
later  on.  Neither  have  I here  dealt  at  all  wuth  alcohol 
as  a medicine  ; there  are  perhaps  some  few  diseased  con- 
ditions in  which  its  habitual  use  is  necessary.  Of  course, 
also,  the  positive  evil  result  of  the  use  of  alcohol  as  food 
depends  upon  the  quantity  of  spirit  that  there  is  in  the 
beverage  taken.  In  brandy  and  whisky,  nearly  fifty  parts 
in  every  hundred  of  the  whole  are  alcohol  On  the  other 
hand,  claret  wine  has  scarcely  any,  and  table-beer  only 
about  four  parts  in  one  hundred.  So  that,  although  there 
is  no  good  in  drinking  such  things  as  these  last,  neither 
is  there  much  harm  in  small  quantities  of  them. 

The  digestibility  of  various  kinds  of  solid  food  has 
been  studied,  partly  by  a French  physician  who  could 
bring  up  his  food  at  any  time  after  eating  it  that  he  chose, 
partly  by  doctors  who  have  had  the  care  of  persons  with 
wounds  in  their  stomachs.  The  most  useful  case  of  the 
latter  kind  was  that  of  a young  Canadian,  named  Alexis 
St.  Martin,  He  received  a gun-shot  in  the  stomach,  and 
the  wound  never  closed  again.  In  process  of  time,  a 
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fold  of  the  lining  membrane  of  his  stomach  fell  like  a 
curtain  over  the  hole  ; and  Dr.  Beaumont,  his  physician, 
could  watch  the  whole  process  of  digestion  by  pushing 
the  flap  aside.  The  following  table  gives  some  of  the 
results  of  his  observations  : — 


Boiled  rice 

h.  m. 

was  digested  in  i o 

Bread  and  milk 

„ 2 O 

Apple  dumpling 

,,  2 30 

Oysters,  raw 

> > 

,,30 

Roast  beef 

,,30 

,,  mutton  . 

M 3 15 

Boiled  beef 

55 

„ 3 30 

Potatoes  . 

5 5 

„ 3 30 

Bread,  buttered 

55 

3 45 

Fowl  boiled 

55 

,,40 

Veal  ,, 

55 

,,40 

Pork  roasted 

55 

,,60 

From  this  list,  persons  who  suffer  from  indigestion 
may  obtain  useful  hints.  This  disease  has  very  many 
symptoms,  which  I need  not  repeat  here.  No  one  but 
a doctor  can  decide  whether  certain  feelings  arise  from 
the  stomach  itself,  or  from  the  liver,  or  from  the  heart, 
or  some  other  neighbouring  part.  Those,  however,  who 
suffer  pain  after  eating  generally  have  some  failure  on 
the  part  of  their  stomachs  to  provide  against.  Perhaps 
they  have  an  insufiflcient  supply  of  gastric  juice,  or  the 
mucous  membrane  of  the  stomach  is  in  a delicate  state, 
or  there  are  muscular  spasms.  Whatever  the  cause  may 
be,  common  sense  teaches  that  they  should  select  the 
foods  which  are  most  easily  converted  into  chyme. 
Roast  pork,  green  vegetables,  new  bread,  and  pastry,  are 
therefore  especially  to  be  avoided. 

Indigestion  may  be  caused  by  eating  too  much  ; both 
because  the  stomach  is  thus  over-distended  and  cannot 
perform  the  churning  movement  which  we  know  it  has 
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to  make  in  digesting,  and  because  the  supply  of  gastric 
juice  is  only  intended  for  enough  food,  and  when  too 
much  is  taken,  it  cannot  be  properly  acted  upon  by  the 
stomach.  Pain  after  eating  is  caused  also  by  swallowing 
food  without  first  thoroughly  crushing  it  up  between  the 
teeth,  and  mixing  it  with  the  saliva.  The  teeth  are  so 
necessary  to  the  digestion,  that  false  ones  for  people  who 
lose  their  own  are  very  desirable.  Cold  water,  although 
the  best  of  all  drinks,  may  cause  indigestion  when  taken 
in  too  great  quantity,  by  lowering  the  heat  of  the  stomach. 
Eating  too  frequently,  as  well  as  too  much  at  a time,  will 
cause  indigestion.  The  stomach  is  not  an  organ  intended, 
as  is  the  heart,  to  be  constantly  at  work  \ it  requires  a 
short  period  of  rest  after  it  has  undergone  exertion.  We 
see  by  the  above  table  that  most  articles  of  food  take 
between  three  and  five  hours  to  digest.  Thence,  we  may 
gather  that  at  least  four  hours  should  elapse  between  one 
full  meal  and  another.  Solomon  puts  an  important 
lesson  upon  this  point  shortly : — “ Excess  of  meats 
bringeth  sickness.” 

Some  persons  are  made  unwell  by  eating  particular 
articles  of  food,  which  to  most  people  are  harmless. 
Some  are  thus  affected  by  various  kinds  of  shell-fish, 
others  by  eggs,  or  by  fruit.  Dr.  Elliotson  had  a patient 
who  could  digest  hard  salt  beef,  but  who  suffered  dread- 
ful pain  if  she  took  a single  strawberry.  The  secretary 
of  Francis  the  First  of  France  could  not  eat  bread,  and 
there  are  several  cases  recorded  of  people  who  had  to 
avoid  apples.  Experience  is  the  only  guide  for  us  as  to 
what  will  disagree  with  us ; and,  for  this  reason,  hints 
only,  not  definite  directions,  can  be  given  for  selecting 
the  daily  food  of  individuals. 

The  digestibility  of  food  is  increased  by  its  being 
cooked ; it  becomes  more  easily  masticated,  and  much 
more  agreeable  to  the  taste.  But  meat  is  often  wasted 
in  cooking,  and  its  nutritive  parts  actually  thrown  away. 
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for  want  of  the  simplest  knowledge  of  the  principles  of 
cookery. 

When  meat  is  roasted,  or  boiled  for  eating,  it  requires 
to  be  treated  in  a very  different  manner  from  when  it  is 
boiled  to  make  soup,  with  the  intention  of  throwing  away 
the  meat  as  useless.  In  the  former  case,  the  object  of 
the  cook  must  be  to  keep  all  the  flesh-forming  elements 
and  the  fat  in  the  joint ; in  the  last  case,  she  wishes  to 
draw  these  properties  out  of  the  meat  into  the  water. 

Meat,  as  we  know,  contains  a nitrogenous  substance 
called  fibrin,  which  is  of  the  same  character  as  white  of 
egg.  The  white  in  an  uncooked  egg  is  a thickish  liquid  ; 
but  when  a boiled  egg  is  brought  to  table,  we  find  that 
the  white  is  quite  a firm  tough  substance — in  other  words, 
white  of  egg  is  coagulated  by  heat.  The  same  thing 
happens  when  the  same  sort  of  substance  in  meat  is  sub- 
jected to  the  action  of  fire.  When,  therefore,  it  is  wished 
to  keep  m the  juices  of  a joint,  it  should  be  exposed  at 
once  to  a good  deal  of  heat,  because  the  albumen  in  its 
outer  part  is  thus  immediately  coagulated,  and  forms  a 
coating  which  prevents  the  juice  from  soaking  out.  Thus, 
if  it  is  to  be  roasted  or  broiled,  a piece  of  meat  should 
be  put  into  a well-heated  oven,  or  over  a good  fire ; if  it 
is  to  be  boiled,  the  water  should  be  boiling  when  the 
meat  is  put  in.  But  if  broth  is  to  be  made,  the  meat 
should  be  put  into  cold  water  and  gradually  brought  to 
the  boil.  By  this  means,  the  albumen  is  not  suddenly 
coagulated  into  a covering  over  the  outside ; but  the 
juice  is  drawn  out  into  the  water  by  degrees.  It  is  of 
the  highest  importance  to  remember  this  fact  when  making 
beef-tea,  upon  which  an  invalid  is  to  be  supported. 

An  excellent  soup  is  made  for  the  sick  by  joining 
together  the  knowledge  just  gained,  and  a fact  which  we 
know  about  the  gastric  juice.  A pound  of  lean  beef  is 
to  be  cut  into  dice,  and  put  into  a pint  and  a half  of  cold 
water ; to  this  is  to  be  added  twenty  drops  of  dilute 
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hydrochloric  acid,  the  acid  of  the  gastric  juice ; and  the 
vessel  containing  these  ingredients  is  to  be  put  into  the 
oven,  or  upon  the  hob,  and  slowly  brought  to  blood 
heat.  By  this  means,  a kind  of  artificial  digestion  of  the 
meat  is  carried  out,  and  the  sick  patient  obtains  more 
nourishment  in  a small  quantity  of  fluid  than  he  can  do 
in  any  other  way. 

The  most  important  point  to  remember  in  preparing 
this  soup  is  that  the  temperature  must  not  rise  above 
that  of  the  body ; when  the  finger  is  put  down  into  the 
jar,  there  should  scarcely  be  any  warmth  perceptible  to 
it  in  the  fluid.  If  the  heat  becomes  greater  than  this, 
the  process  is  stopped,  uud  the  meat  wasted. 

Obesity  is  the  scientific  name  for  over-fatness.  Ex- 
cessive fat  generally  extends  to  the  internal  organs  of  the 
body,  and  produces  many  diseases.  The  heat-forming 
foods  are  also  the  fat-producers.  When  more  carbon  is 
taken  than  can  be  used  up  in  the  system,  it  is  stored  up 
as  fat.  Hence,  the  plan  adopted  by  the  famous  Mr. 
Banting  to  reduce  the  uncomfortable  size  of  his  patients 
was  simply  to  keep  out  of  their  diet  all  starches  and 
sugars.  I mention  this  subject  chiefly  to  warn  my  readers 
who  may  think  themselves  too  stout  not  upon  any  account 
to  attempt  to  reduce  their  size  by  the  excessive  use  of 
acids.  There  have  been  cases  in  which  death  has  actually 
resulted  from  this  mistaken  practice  ; and  it  is  to  be  feared 
that  injury  is  not  unfrequently  done  in  this  way  to  the 
delicate  coats  of  the  alimentary  passages.  The  scientific 
plan  of  avoiding  sugar,  butter,  cream,  potatoes,  and  beer, 
will  be  found  far  more  effectual,  as  well  as  harmless. 

Other  applications  of  the  knowledge  gained  here  of 
food  and  digestion,  you  will  be  able  to  make  for  your- 
selves. I must  conclude  the  subject  now,  once  more 
reminding  you  that  it  is  with  temperance  that  we  may 
enjoy  the  fruits  of  the  earth  in  due  season. 


CHAPTER  VIII. 


SECRETION  AND  EXCRETION THE  LIVER. 

One  of  the  difficulties  which  we  meet  in  learning  a new 
subject  is  that  we  must  inevitably  sometimes  find  terms 
employed  the  precise  meaning  of  which  has  not  been 
made  quite  clear  to  us.  In  these  chapters  it  has  been 
necessary  to  speak  of  the  secretion  of  saliva  and  gastric 
juice,  and  of  the  excretio7i  of  carbonic  acid  gas  by  the 
lungs  ; but  the  opportunity  of  explaining  the  exact  mean- 
ing of  these  words  has  only  now  arrived. 

The  Germans,  a wiser  people  than  we  are  in  that 
respect,  make  their  scientific  terms  out  of  their  mother 
tongue,  so  that  the  words  convey  some  meaning  to  every- 
one. Our  scientific  names  are  constructed  from  the 
Latin  and  Greek  languages ; and  when  we  know  what 
words  from  these  languages  have  formed  the  roots  of 
our  own  terms  we  have  obtained  a clue  to  the  real 
meaning  of  the  latter.  The  word  secretion  comes  from 
the  Latin  secernus^  which  is  “ to  sift  or  separate ; ” ex- 
cretion comes  from  cerno^  “ I sift,”  and  ex^  “out  off.” 

Both  words,  in  physiology,  are  used  to  express  the 
separation  or  sifting  of  some  substance  from  the  blood. 
The  distinction  between  them  is  that  a secretion  is 
separated  from  the  blood  to  be  used  again  in  the  system 
for  some  special  purpose,  while  an  excretion  is  effete  waste 
matter,  and  is  thrown  out  of  the  body  entirely.  For 
example  : the  bile  is  a sea'etion^  obtained  by  the  liver 
out  of  the  blood,  and  used  to  complete  the  digestion  of 
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the  food ; the  perspiration  is  an  excreimi.,  separated  by 
the  sweat-glands  from  the  blood,  and  cast  out  upon  the 
surface  of  the  skin  to  evaporate  into  the  air,  or  to  be 
washed  away  with  water. 

All  those  parts  of  the  body  which  are  engaged  in 
secretion  and  excretion  are  termed  glands.  That  is  their 
family  name ; but,  of  course,  they  have  individual  names 
also.  Just  as  we  might  say  of  a whole  group  of  per- 
sons, “Those  are  the  Smiths,”  but  when  we  wished  to 
refer  to  any  of  them  more  particularly  we  must  add  the 
first  name  to  distinguish  one  from  another,  so  all  secreting 
and  excreting  organs  are  called  glands,  but  each  one 
or  each  kind  has  its  own  name  as  an  individual  also. 
Thus  the  liver,  the  kidneys,  the  pancreas,  and  various 
other  organs,  each  having  a distinctive  name,  are  one  and 
all  glands,  because  they  all  perform  this  work  of  separat- 
ing something  from  the  blood. 

There  are  a great  number  of  glands  in  the  system, 
varying  in  size  from  the  liver,  which  weighs  about  four 
pounds,  to  the  small  glands  in  the  intestine,  which  can- 
not be  seen  without  a microscope.  They  differ  greatly 
from  each  other,  also,  in  shape,  and  in  the  details  of 
their  construction.  But  notwithstanding  these  diversities, 
all  glands,  from  the  smallest  and  simplest  to  the  largest 
and  most  complex,  have  the  same  fundamental  structure. 
To  illustrate  this,  we  may  think  of  the  difference  between 
a gentleman’s  mansion  and  his  labourer’s  model  cottage  : 
there  is  not  the  least  resemblance  between  the  two 
buildings,  neither  in  outer  appearance,  nor  in  the  number 
or  the  shape  of  the  rooms  and  their  furniture  inside  \ yet 
they  are  nevertheless  both  houses,  both  intended  for 
people  to  live  in,  and  both  made  of  identical  material. 
Similarly,  all  glands,  however  diverse  they  may  appear  to 
be,  are  intended  to  answer  the  same  purpose,  and  are, 
so  to  speak,  built  out  of  identical  material.  They  con- 
sist essentially  of  a membrane  (or  fine  skin),  which  is  on 
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one  side  covered  by  a layer  of  exceedingly  minute  bags, 
called  epithelial  cellSy  while  it  rests  upon  capillaries  on  the 
other  side.  The  epithelial  cells  have  the  power  of  draw- 
ing the  peculiar  secretion  of  the  gland  out  of  the  blood 
that  is  circulating  through  the  capillaries.  The  moist 
skin  covering  the  inside  of  our  lips  is  a ready  example  of 
this  secreting  membrane,  with  epithelial  cells  forming  one 
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Fig.  to. — The  Structure  of  Glands. 

1,  A diagram  to  show  the  plan  of  a secreting  membrane  ; c,  layer  of  epethelial 
cells  ; 6,  basement  membrane  ; a,  capillary  vessels,  a,  b,  and  c,  indicate 
the  same  in  each  figure.  2,  The  simplest  form  of  gland,  a mere  depression  of 
the  membrane  d,  with  blood-vessels  surrounding  it.  3,  A more  complex  gland, 
with  coiled  tube  E ; the  sweat-glands  are  of  this  kind.  4,  Part  of  a racemose 
gland,  such  as  the  salivary  glands  are. 

side  of  it,  and  resting  on  the  other  side  upon  capillaries. 
To  make  a gland,  such  a membrane  is  more  or  less 
twisted  and  convoluted.  The  simplest  form  of  gland  is 
merely  a pouch  of  the  membrane,  with  the  epithelial  cells 
inside,  and  the  capillaries  surrounding  it  outside ; and  the 
same  membrane,  elaborately  twisted,  branched,  connected 
by  tubes,  formed  into  lobules,  and  so  on,  is  still  the 
essential  part  of  the  most  complex  glands.  Fig.  lo  will 
help  in  making  this  explanation  understood. 
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There  is  no  distinguishable  difference  of  any  kind 
between  the  epithelial  cells  of  any  one  gland  and  those 
of  any  other ; and  it  is  very  wonderful  that  these  appa- 
rently identical  cells  should  elaborate  from  one  and  the 
same  fluid  such  diverse  secretions  in  the  different  glands. 
Why,  and  how,  the  cells  in  the  liver  make  bile  and  not 
gastric  juice,  those  in  the  stomach  make  gastric  juice  and 
not  sweat,  those  in  the  skin  make  sweat  and  not  saliva, 
and  so  on,  we  do  not  know  and  we  can  hardly  imagine. 
It  is  one  of  those  mysteries  of  life  which  we  may  never 
really  understand,  though  we  know  them  to  exist. 

The  liver  is  the  largest  gland  in  the  body,  weighing 
about  four  pounds.  It  lies  on  the  right  side  of  the 
abdomen,  covered  by  the  lower  ribs,  and  touching  the 
diaphragm.  The  liver  is  an  exceedingly  complex  gland  \ 
indeed,  its  minute  structure  is  not  yet  thoroughly  and 
certainly  made  out  by  anatomists.  It  is,  as  was  mentioned 
in  connection  with  the  subject  of  digestion,  the  organ 
which  separates  hile  from  the  blood ; and  as  the  bile  is 
used  for  the  completion  of  the  digestion  of  food,  the  liver 
is,  of  course,  a secretmg  organ.  The  remainder  of  this 
chapter  will  deal  with  the  secreting  glands  only,  leaving  the 
excreting  organs  to  form  the  subject  of  the  next  chapter. 

The  smallest  subdivisions  of  the  liver  are  called  its 
lobules.  They  are  roundish,  but  many-sided,  little  masses 
of  substance,  about  the  size  of  a mustard-seed.  Their 
structure  and  arrangement  are  a little  complex ; but  with 
attention  the  description  which  follows  will  become  clear. 

Two  different  large  blood-vessels — the  one  an  artery, 
the  other  a vein — enter  the  liver  side  by  side  (see  Fig. 
ii).  At  the  same  spot  is  also  seen  entering  the  sub- 
stance of  the  liver  a third  tube,  but  this  is  not  a blood- 
vessel ; it  is  called  the  hepatic  duct  {i.e.  the  liver  pipe), 
and  is  the  canal  through  which  the  bile  comes  out  of  the 
liver  after  it  has  been  secreted  within  the  organ.  If  we 
follow  the  course  of  the  hepatic  duct  about  an  inch  and 
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a half  outwards  from  the  liver,  we  find  that  it  forms  a 
junction  with  two  other  tubes,  one  of  which  leads  up 
into  the  gall-bladder,  and  the  other,  being  joined  by  the 
duct  of  the  pancreas,  opens  straight  into  the  duodenum. 
The  bile  is  secreted  by  the  liver  unceasingly,  and  all  of 
it  passes  out  of  the  organ  through  the  hepatic  duct ; but 
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Fig.  II.* — Under  Surface  of  the  Liver. 

A,  Right  lobe ; B,  left  lobe ; C,  lobulus  spigelii ; D,  the  gall-bladder ; i,  the 
vena  cava  inferior,  which  passes  over  the  liver  in  a groove  at  this  spot : both 
its  ends  are  cut ; 2,  the  portal  vein ; 3,  the  hepatic  duct ; 4,  the  hepatic 
artery. 

that  which  is  secreted  in  the  intervals  when  digestion  is 
not  proceeding  goes  through  the  one  tube  to  be  stored 
in  the  gall-bladder  until  it  is  required,  while  that  which 
comes  from  the  liver  at  the  time  when  chyme  is  being 
passed  through  the  pylorus  goes  down  at  once  through  the 
other  tube  into  the  intestine  to  perform  its  part  in  digestion. 


* From  Bourgery. 
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The  gall-bladder  is  that  pear-shaped  bag  which  can 
be  seen  in  Fig.  ii,  resting  upon  the  liver.  It  becomes 
filled  with  bile  by  degrees  when  digestion  is  not  pro- 
ceeding. When  food  enters  the  duodenum,  its  pre- 
sence there  acts  as  a (reflex)  stimulus  to  the  muscular 
coats  of  the  gall-bladder,  and  they,  contracting,  push  the 
bile  down,  and  through  the  narrow  opening  of  the  duct 
into  the  intestine. 

The  other  two  tubes  which  are  seen  entering  the 
liver  at  the  same  place  with  the  hepatic  duct  are,  I have 
said,  an  artery  and  a vein. 

The  spot  where  they  all  three  penetrate  into  the 
organ  was  called  by  the  old  anatomists  the  gate,  or  porta., 
of  the  liver ; and  hence  the  vein  which  enters  there  is 
named  the  portal  vein  (vena  portae).  The  blood  which 
the  portal  vein  carries  into  the  liver  is  that  which  has  already 
circulated  through  the  capillaries  of  the  spleen,  the 
stomach,  and  the  intestines.  Those  capillaries  join 
together  so  as  to  make  several  good-sized  veins,  which 
unite  into  the  portal  vein.  It  is  doubtless  out  of  this 
blood  that  the  liver  takes  the  bile. 

The  artery  which  enters  at  the  same  place  is  called 
the  hepatic  (or  liver)  artery.  The  blood  which  is  carried 
into  the  organ  by  this  vessel  is  pure  arterial  blood, 
coming  direct  from  the  aorta  This  blood  supplies 
nutrition  for  the  coats  of  the  vessels  and  the  other 
tissues  of  the  liver. 

The  portal  vein,  the  hepatic  artery,  and  the  hepatic 
duct,  as  they  all  enter  the  substance  of  the  liver  together, 
also  keep  together  throughout  their  course,  dividing 
generally  side  by  side. 

Let  us  follow  more  particularly  the  “ distribution,” 
as  anatomists  call  it,  of  the  portal  vein,  keeping  in  mind, 
however,  the  fact  stated  in  the  last  sentence. 

This  blood-vessel,  having  entered  the  liver,  divides 
and  subdivides  into  a number  of  smaller  tubes,  just 


SECRETION  AND  EXCRETION— THE  LIVER.  91 


as  arteries  do,  just  as  the  hepatic  artery  does  in  that 
same  organ ; only,  you  know,  it  is  a vein,  not  an  artery, 
because  it  is  made  by  the  joining  together  of  capillaries, 
and  because  it  is  conveying  the  blood  which  has  passed 
through  those  capillaries  back  toward  the  heart. 

By  this  dividing  and  subdividing,  the  portal  vein 
makes  a great  number  of  small  vessels,  which  are  called 
the  mTY.'K-lobular  veins  {i.e.  the  veins  between  the  lobules) ^ 
because  they  form  a network  around  each  lobule,  mark- 
ing it  off  from  the  others.  Indeed,  each  of  those  little 
masses  is,  as  it  were,  wrapped  up  by  a network  of  these 
subdivisions  of  the  portal  vein,  called  inter-lobular  veins. 


Fig.  12.* — Cross  Section  of  a Lobule. 

1,  The  /«^m-lobular  vein  ; 2,  its  branches  through  which  the  blood  enters  it  from 
the  surrounding  network  of  capillaries  ; 3,  fw^^^-lobular  branches  of  the 
portal  vein,  entering  the  lobule  and  forming  the  capillary  network. 

From  this  network  between  the  lobules  vessels  enter 
into  the  substance  of  each  lobule,  and  there  form  a very 
dense  capillary  network.  Fig.  12  represents  a lobule  cut 

* From  Kirkes,  after  Sappey. 
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down  through  its  centre,  and  magnified  sixty  times  its 
real  size.  You  see  there  how  close  the  network  of  capil- 
laries is  within  the  lobule.  Of  course  the  coats  of  those 
tiny  vessels  must  be  exceedingly  thin ; and  while  the 
blood  is  in  them  it  is  that  the  peculiar  secretion  of  the 
liver,  the  bile.,  is  formed.  All  the  interspaces  of  that 
network  of  capillaries  are  occupied  by  the  liver  cells, 
those  exceedingly  minute  bladder-like  bags  which  are, 
as  was  said  in  the  early  part  of  this  chapter,  the  essen- 
tial agents  in  the  work  of  secretion.  As  the  blood 
passes  through  the  capillaries  inside  the  lobules,  the  liver 
cells,  by  which  it  is  then  surrounded,  draw  the  bile  out 
(as  well  as  work  another  change  in  it,  which  will  be 
referred  to  presently),  and  the  blood  goes  on  its  way 
purified  from  the  bile,  while  the  secretion  passes  through 
the  branches  of  the  hepatic  duct  to  reach  the  gall- 
bladder, from  whence  it  enters  the  duodenum,  and  aids 
in  the  digestion. 

Exactly  how  the  hepatic  duct  ends  in  the  liver  is  still 
a disputed  point.  Its  subdivisions  can,  however,  be 
traced  distinctly  quite  up  to  the  circumference  of  each 
lobule ; so  that  the  liver  cells  can  discharge  their  con- 
tents into  the  final  branches  of  the  duct,  through  which 
the  bile  then  travels  until  it  reaches  the  duct  itself,  and 
is  passed,  according  to  circumstances,  either  into  the  gall- 
bladder or  into  the  small  intestine,  as  described  on  p.  88. 

That  the  blood  is  purified  for  the  rest  of  the  body  by 
the  removal  of  bile  from  it  is  shown  by  the  illness  (called 
jaundice)  which  results  when  the  secretion  is  interrupted. 

Now  return  your  thoughts  to  the  structure  of  the 
lobule.  We  have  seen  the  portal  vein  break  up  into 
inter-lobular  veins,  and  these,  prolonged  into  the  lobules, 
making  a dense  capillary  network  with  liver-cells  in  the 
meshes  thereof.  The  blood  in  these  tiny  vessels  is, 
therefore,  the  portal  blood.  The  blood  of  the  hepatic 
artery,  however,  here  mixes  with  the  portal  blood ; the 
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final  branches  of  that  artery  becoming  mingled,  appa- 
rently, with  the  final  branches  of  the  portal  vein.  Thus 
the  blood  which  comes  out  of  the  lobule  is  a mixture  of 
that  which  has  given  up  the  bile  and  that  which  has  sup- 
plied the  organ  with  nutrition  for  its  tissues. 

The  capillary  network  in  the  lobules  gradually  joins  to- 
gether to  make  rather  larger  trunks,  as  capillaries  always  do, 
and  finally,  all  their  contents 
get  poured  into  one  small  vein 
which  runs  through  the  very 
centre  of  each  lobule.  It  is 
marked  i in  Fig.  12,  These 
vessels  in  the  centre  of  the 
lobules  are  called  the  intra- 
lobulai'  veins  (literally,  inside 
the  lobule). 

Each  lobule  is  placed  by 
its  lowest  side  upon  a tiny 
vein,  called  s\JB-lobular  {i.e. 

U7ider  the  lobule).  The  intra- 
lobular vein  runs  down  and 
opens  into  the  sub-lobular  ves- 
sel (Fig.  13). 

Several  sub-lobular  veins 
join  together  to  form  the 
main  branches  of  the  hepatic  vans,  and  these,  continually 
uniting  after  the  manner  of  veins,  eventually  form  two 
or  three  trunks  (called  the  hepatic  veins),  which  open 
into  the  vena  cava,  where  that  great  vein  lies  upon  the 
liver.  Through  it  the  blood,  as  you  know,  is  carried 
straight  to  the  right  side  of  the  heart. 

The  liver  secretes  (as  I mentioned  in  passing  on 
page  91)  another  substance  besides  bile.  This  is  a kind 
of  starch  named  glycogen,  which  is  very  readily  turned 
into  sugar.  In  carnivorous  animals,  which  eat  no  starchy 
food,  the  liver  still  secretes  glycogen,  although  the  quan- 


Fig.  13- 

A diagram  showing  the  position  of 
the  lobules  of  the  liver  on  the 
blood-vessels. 
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tity  produced  is  larger  when  starchy  foods  are  eaten. 
The  sugar  is  probably  carried  away  by  the  blood  to  the 
heart  and  lungs  to  form  animal  heat  by  being  united 
with  oxygen. 

The  quantity  of  bile  secreted  in  twenty-four  hours  is 
about  a pint  and  a half  or  two  pints. 

The  proper  performance  of  the  work  of  the  liver  is 
of  much  importance  to  the  general  health.  Unfor- 
tunately, “ liver  complaint  ” is  one  of  the  most  common 
of  diseases ; and  although  the  hygiene  of  this  organ  is 
not  so  directly  under  our  control  as  is  that  of  many 
others,  there  is  yet  no  doubt  that  its  disorder  is  very 
often  the  result  of  unhealthy  habits.  The  disease  is 
really  congestion — over-engorgement  with  blood — of  the 
liver ; the  result  of  which  condition  is  the  sense  of  fulness 
and  weight  on  the  right  side,  the  slight  pain  on  pressure, 
the  aching  beneath  the  shoulder-blade,  the  sickness, 
headache,  bitter  flavour  in  the  mouth,  and  lassitude, 
which  make  up  “ a bilious  attack  ” and  “ liver-complaint.” 
Among  its  most  frequent  causes  are  the  use  of  very 
highly  seasoned  food,  habitual  over-eating,  and  the  exces- 
sive drinking  of  alcohol.  Dr.  Prout  declared  that  nine 
out  of  ten  well-to-do  persons  eat  too  much  every  day. 
The  witty  Sydney  Smith  calculated  that  between  ten  and 
seventy  years  of  age  he  had  eaten  and  drunk  forty-four 
one-horse  waggon-loads  of  meat  and  drink  more  than 
would  have  preserved  him  in  life  and  health ; a mass  of 
nourishment  worth  seven  thousand  pounds  sterling,  and 
sufficient  to  have  supported  three  other  persons.  More 
seriously.  Dr.  Budd,  in  his  standard  work  on  Diseases 
of  the  Liver.,  says — “ Amid  the  continual  excesses  at 
table  of  persons  in  the  upper  and  middle  classes  of 
society,  an  immense  variety  of  noxious  matters  find  their 
way  into  the  portal  blood  that  should  never  be  present 
in  it,  and  the  mischief  which  this  is  calculated  to  pro- 
duce is  enhanced  by  indolent  and  sedentary  habits.  The 
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consequence  often  is,  that  the  liver  becomes  habitually- 
gorged.  The  same,  or  even  worse  effects,  result  in  the 
poorer  classes  of  our  towns  from  their  inordinate  con- 
sumption of  beer  and  gin.” 

The  physiological  details  given  above  enable  us  to 
see  how  much  the  liver  must  be  affected  by  errors  in 
diet,  and  especially  errors  as  to  quantity ; for  we  have 
seen  that  the  blood  which  circulates  through  the  liver 
comes  directly  from  the  coats  of  the  stomach  and  intes- 
tines, charged  with  some  of  the  results  of  digestion.  If 
these  are  excessive  in  quantity,  the  engorgement  of  the 
veins  of  the  liver  is  the  almost  certain  consequence. 
Thus,  although  the  evil  effects  upon  health  of  over-eating 
are  not  so  much  talked  about  as  those  of  a starvation 
diet,  yet  they  are  almost  equally  great. 

When  the  mischief  is  done,  and  when  the  over- 
loaded liver  causes  sickness  and  loss  of  appetite,  the 
sufferer  should  accept  the  symptoms  as  a lesson  from 
nature,  and,  instead  of  goading  the  digestive  organs  with 
drugs  and  tempting  them  with  delicacies  to  resume  their 
work  as  early  as  possible,  let  them  rest  until  the  desire  for 
food  returns  with  the  capacity  for  its  complete  digestion. 

As  soon  as  the  first  symptoms  have  gone  off,  exercise 
of  the  body  and  rest  of  the  brain  are  the  best  remedies 
to  take.  The  popular  medicine,  “a  blue  pill  and  a 
black  draught,”  is  an  unsafe  one,  likely  to  be  exceed- 
ingly injurious  if  had  recourse  to  very  frequently.  Blue 
pill  is  made  of  mercury,  and  this  is  so  dangerous  a drug 
that  wise  physicians  have  declared  their  distaste  for  pre- 
scribing it,  even  for  those  complaints  over  which  it  alone 
has  much  influence.  The  remedy  is  often  truly  worse 
than  the  disease.*  This,  therefore,  is  not  a medicine  to 

■*  As  these  chapters  are  intended  to  be  practically  useful  in  every- 
day life,  I will  add  that  the  best  liver  pill,  for  ordinary  mild  attacks 
of  passive  congestion,  is  one  of  podophyllum  and  henbane.  For 
example,  half  a grain  of  resin  of  podophyllum,  three  grains  of 
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be  heedlessly  and  needlessly  swallowed ; and  I must  not 
dismiss  the  point  without  adding  a word  of  warning 
against  the  frequent  dosing  of  little  babies  with  grey 
powder,  which  is  a preparation  of  mercury. 

Never  buy  quack  medicines  of  any  kind  ; they  are 
frequently  compounded  by  men  equally  ignorant  and 
unscrupulous.  The  ingredients  of  them  are  kept  secret, 
and  our  laws  do  not  require  of  their  advertising  makers 
any  kind  of  proof  of  scientific  knowledge.  Somebody’s 
loudly-puffed  liver  pill  may,  therefore,  be  a dangerous 
drug  in  unsafe  quantities,  put  together  by  an  impostui* 
utterly  ignorant  of  the  human  structure,  and  of  the  causes 
of  its  sufferings  in  the  diseases  he  pretends  to  cure.  As 
Crabbe,  whose  own  medical  education  enabled  him  to 
see  the  danger  of  tampering  with  the  delicate  mechanism 
of  life,  wrote  forcibly  : — 


. . . “ Quacks  ai'e  gamesters,  and  they  play 

With  craft  and  skill  to  ruin  and  betray  ; 

With  monstrous  promise  they  delude  the  mind, 

And  thrive  on  all  that  tortures  human  kind  ; 

Void  of  all  honour,  avaricious,  rash. 

The  daring  tribe  compound  their  boasted  trash  ; 

For  soul  or  body  no  concern  have  they  ; 

All  their  inquiry,  ‘ Can  the  patient  pay. 

And  will  he  swallow  pills  until  his  dying  day  ? ’ ” 

The  pancreas  is  a secreting  gland,  next  in  size  and 
importance  to  the  liver.  Its  secretion,  which  is  called 
the  pancreatic  juice,  aids  in  digestion,  as  already  ex- 
plained. This  fluid  is  carried  out  of  the  organ  through 
the  pancreatic  duct,  which  joins  into  the  bile  duct,  so 
that  the  two  tubes  form  one,  and  the  two  secretions 

extract  of  henbane,  and  six  grains  of  rhubarb  powder,  mixed  by 
the  chemist  into  two  pills,  of  which  one  or  both  may  be  taken  at 
bed -time. 
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enter  the  duodenum  together.  The  pancreas  lies  at  the 
back  of  the  trunk,  just  behind  the  stomach. 

The  salivary  glands,  the  intestinal  glands,  and  the 
gastric  glands,  have  all  been  more  or  less  fully  spoken  of 
in  previous  chapters. 

Among  the  most  curious  and  obscure  organs  of  the 
body  are  the  so-called  ductless  glands.  The  blood  goes 
into  these  organs,  and  returns  from  them  again,  and 
this  must  happen  for  some  purpose.  But  they  have 
no  pipes  (or  ducts)  through  which  any  secretion  is 
passed  out  of  them.  It  is  nearly  certain  that  they 
are  true  glands,  because  they  have  the  essential 
structure  of  a gland,  excepting  only  that  they  have  no 
duct ; but  the  commonly  received  opinion  as  to  their 
office — namely,  that  they  aid  in  elaborating  the  cor- 
puscles of  the  blood — is  little  more  than  a conjecture. 
The  principal  ductless  glands  are  the  spleen.,  the  thyfiius 
and  thyroid  glands,  little  masses  of  substance  found  in 
the  neck,  and  two  curious  little  bodies  that  are  placed 
like  caps  on  top  of  the  kidneys,  and  are  called  the  supra- 
renal capsules. 
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CHAPTER  IX. 


EXCRETION THE  KIDNEYS  AND  SKIN. 

The  three  great  excreting  organs  of  the  body  are  the 
lungs,  the  kidneys,  and  the  skin.  These  all  separate 
from  the  blood  and  pass  out  of  the  body  the  same  waste 
matters,  though  in  different  proportions.  The  chief 
excreted  substances  are  carbo7iic  acid  (produced,  as  you 
already  know,  by  the  chemical  action  of  oxygen  upon 
carbon  in  the  body),  water  (hydrogen  and  oxygen),  and 
ui'ea.  The  last-named  is  a solid  substance,  and  is  the 
product  of  that  using-up  of  the  nitrogen  of  the  tissues 
which  necessarily  happens  in  the  performance  of  every 
vital  function.  The  kidneys  pass  off  the  most  urea, 
which  is  dissolved  in  a large  quantity  of  water ; the  lungs 
pass  off  the  most  carbonic  acid ; and  the  skin  excretes  a 
very  considerable  quantity  daily  of  both  water  and  car- 
bonic acid,  but  not  very  much  urea.  Thus  there  is  in 
function  a very  close  association  between  these  three 
organs. 

The  lungs  have  already  been  studied ; we  can  now, 
therefore,  proceed  to  consider  the  physiology  of  the 
kidneys. 

The  shape  of  the  human  kidney  is  exactly  similar  to 
that  of  a bullock’s  or  sheep’s.  There  are  two  kidneys, 
and  they  are  situated  at  the  back,  in  the  loins,  with  the 
concave  part  turned  inwards.  A narrow  pipe  runs  down- 
wards from  the  curved-in  centre  of  each  one,  and  both 
of  those  tubes  open  below  into  a bag  of  thin  muscle  and 
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skin  which  lies  in  the  middle  of  the  pelvis,  at  the  bottom 
of  the  abdomen.  That  bag  is  the  urinary  bladder  ; the 
tubes  which  go  down  into  it  from  the  kidneys  are  the 
ureters.  Another  tube  runs  down  from  the  bladder  and 
opens  to  the  outside  of  the  body ; so  that  the  kidney  is 
thus  placed  directly  in  communication  with  the  exterior. 

Following  the  ureter  up  into  the  kidney,  we  see  (as 
in  Fig.  14)  that  the  tube  widens  out,  so  as  to  form  a space 


Fig.  14. — Section  of  the  Kidney. 


u.  The  ureter  ; ^,'the  pelvis,  with  the  pyramids  projecting  into  it ; portions  of  the 
medullary  substance  of  the  kidney  are  removed,  to  show  v,  the  dividing 
blood-vessels  ; r a,  the  renal  artery ; r v,  the  renal  vein ; c,  the  cortical 
part ; t,  the  pyramids  of  the  tubules. 

inside  the  organ.  This  space  is  called  the  pelvis  {i.e. 
basin)  of  the  kidney.  Into  it  there  project  several  little 
masses,  called  the  pyramids.,  in  consequence  of  their 
sugar-loaf  shape. 

If  the  kidney  be  cut  longwise,  right  through  its 
centre,  the  naked  eye  can  readily  see  a difference  between 
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the  interior  and  the  outer  portions  ; this  is  something  like 
the  difference  in  texture  between  the  pith  and  the  hard 
rind  of  some  flowers’  stems  (such  as  the  sunflower),  and 
names  have  been  given  to  the  parts  of  the  kidney  as  though 
with  this  idea.  The  outer  is  called  the  cortical  part,  which 
really  means  the  bark,  and  the  inner  is  termed  the  medul- 
lary., or  marrow  part.  The^medullary  portion  is  found,  under 
the  microscope,  to  consist  of  the  bases  of  the  pyramids. 

And  what  do  you  think  the  pyramids  prove  to  be 
made  up  of  ? Of  nothing  else  but  hundreds  and  hun- 
dreds of  exceedingly  tiny  pipes.  If  that  part  of  a pyra- 
mid which  projects  into  the  pelvis  of  the  kidney  be 
examined  with  a magnifying  glass,  it  is  seen  to  be  studded 
with  the  little  open  mouths  of  something  like  a thousand 
minute  tubes.  There*  are  about  a dozen  pyramids — so 
that  there  are  at  least  twelve  thousand  tubes — in  each 
kidney.  They  are  called  the  tubuli  uriniferi.,  and  are 
lined  all  along  with  those  epithelial  cells  which  are  the 
essentials  of  secretion. 

If  you  have  comprehended  this  description,  you  will 
see  how  any  fluid  passing  through  those  tubes  must  flow 
on,  down  the  ureter  into  the  bladder,  whence  it  can  leave 
the  body. 

Now,  the  little  tubules  really  do  the  work  of  excretion  ; 
to  understand  just  how  they  do  it,  we  must  follow  them 
backwards. 

Tracing  the  tubes  backwards,  from  the  pelvis  of  the 
kidney  toward  its  cortical  part,  the  anatomist  sees  them 
divide  and  subdivide,  and  finally  become  very  much 
twisted  and  interlooped  with  one  another,  back  in  the 
cortical  part.  Nearly  every  distinct  one  of  these  twisted 
tubes  ends,  at  last,  in  the  cortical  part,  in  a dilated  end, 
or,  as  it  were,  in  a bulb  stuck  on  the  tip  of  the  tube. 
The  bulb  is  lined  with  a layer  of  the  epithelial  cells 
which,  you  remember,  are  necessary  for  secretion  or  ex- 
cretion ; and  it  is  called,  after  its  discoverer,  a Malpighiatt 
capsule  (Fig.  15). 
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The  rc7ial  artery^  the  blood-vessel  of  the  kidney, 
enters  the  organ  at  its  concave  part,  and  its  branches  pass 
down  between  the  pyramids  to  the  cortical  portion. 
There  they  divide  into  a great  number  of  still  smaller 
branches ; and  o?ie  of  these  small  branches  of  the  renal 
artery  pierces  each  of  the  Malpighiati  capsules^  a7id  mside 
these  dilated  ends  of  the  tubules  the  blood-vessel  breaks  up 
mto  a tuft  of  capillaries  (see  Fig.  15). 

Now,  you  see,  the  blood  in  the  kidney  is  in  the 
position  necessary  for  a 
secretion  to  be  removed 
from  it : the  fluid  is  in 
very  delicate-walled  ca- 
pillaries, and  epithelial 
cells  are  only  separated 
from  it  by  a thin  mem- 
brane. 

Accordingly,  while 
the  blood  is  in  this 
position,  the  excretion 
of  the  kidney,  the  urine, 
is  strained  through  the 
membrane,  passes  along 
the  tubuli  uriniferi,  out 
at  their  opposite  ends 
through  the  pyramids 

, o y J longs ; f,  the  artery,  entering  the  cap- 

intO  the  pelvis  of  the  sule,  and  forming  a,  the  capillary  bunch ; 
kidney,  down  the  ureter  ^ epithelial  ceils. 

into  the  bladder,  and  so,  before  very  long,  out  of  the 
body.  This  is  how  the  kidneys  perform  their  work  of 
excreting  much  water,  with  much  nitrogenous  waste  and 
various  saline  effete  matters  dissolved  in  the  water. 

The  tuft  of  capillaries  into  which  the  renal  artery 
divides  in  each  Malpighian  capsule  is  called  a glome7'ulus. 
The  capillaries  unite  in  the  capsule  to  form  a vein,  which 
leaves  the  bulb  near  where  the  artery  entered  (Fig.  15) ; 


fM  f 

Fig.  15.— A Malpighian  Capsule, 
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but  instead  of  this  vein  at  once  joining  into  another  to 
make  a larger  tube,  as  it  might  be  expected  to  do,  no 
sooner  does  it  get  outside  the  capsule  than  it  divides 
again  to  make  a network  of  capillaries  of  its  own,  which 
surrounds  the  same  tubule  from  the  terminating  dilation 
of  which  the  vein  had  just  emerged.  A short  study  of 

comprehension  of  this  arrange- 
ment. It  is  obvious  that  the 
purification  of  the  blood  from 
urea  may  be  finally  completed 
while  it  circulates  through  these 
second  capillaries,  after  leaving 
the  Malpighian  capsule ; for  the 
tubules  are  lined  right  along 
with  secreting  cells.  No  doubt 
this  is  really  the  case ; not  only 
the  capsule  in  which  each  tubule 
ends,  but  also  the  whole  length 
of  the  tubule  itself  is  engaged 
in  the  work  of  excretion. 

This  venous  capillary  net- 
work at  last  gathers  together  into 
small  veins,  which  unite  with 
one  another  to  make  the  renal 
vein^  through  which  the  blood 
returns  to  the  inferior  vena 
cava,  and  so  to  the  heart.  The 
blood  in  the  renal  vein  is  the 
purest  in  the  body,  since  it 
goes  into  the  kidney  straight  from  the  aorta  and  thence  is 
very  free  from  carbonaceous  waste,  and  in  the  kidney 
itself  the  nitrogenous  waste  also  has  been  removed. 

The  Skin  is  an  excretory  organ,  and  one  over  the 
health  of  which  our  habits  have  great  influence. 

We  all  know  how  thin  the  covering  of  our  bodies 


Fig.  1 6 will  aid  in  the 


Fig.  i6. — Diagram  showing  the 
relation  of  the  Malpighian 
body  to  the  urinferous  tubes 
and  the  blood-vessels.  (After 
Bowman,  by  the  author’s  per- 
mission. ) a,  Artery,  which  di- 
vides into  m,  the  glomerulus ; 
c,  the  Malpighian  capsule, 
continuous  with  t,  the  tubule ; 
e,  the  vein  issuing  from  m, 
the  bunch  of  capillaries  in 
the  capsule,  and  subdivid- 
ing to  form  the  network 
around  the  tubule,  and  again 
joining  into  a branch  of  the 
renal  vein,  e. 
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is ; but  we  must  not  thence  jump  to  the  conclusion  that 
there  is  not  much  to  be  learnt  about  it.  It  may,  indeed, 
be  divided  into  two  skins,  and  each  of  these  again  has 
two  layers.  If  we  pinch  up  a fold  of  our  skin,  we  get  all 
the  four  layers ; but  when  we  have  a blister  raised,  the 
outer  skin  is  separated  from  the  under  one.  When  this 
division  is  made,  we  find  that  the  outer  skin  is  hard,  and 
does  not  feel  pain  when  it  is  cut,  any  more  than  the  hair 
and  nails  do ; but  the  under  skin  is  moist,  and  extremely 
sensitive.  The  hard  outside  skin,  which  we  see  when 
we  look  at  ourselves,  is  called  the  scarf-skin,  or  epider- 
mis ; the  sensitive  layer  just  beneath  is  named  the  true 
skin,  or  derniis. 

Each  of  these,  as  already  mentioned,  is  composed  of 
two  layers.  Fig.  17  shows  these  very  well.  It  can 
there  be  seen  that  the  epidermis  is  divided  into  the 
horny  and  7?iucous  layers,  and  the  dermis  into  the  papil- 
lary and  reticular  layers.  It  will  be  seen,  also,  that  the 
four  layers  are  quite  closely  applied  to  each  other,  with- 
out the  smallest  space  between  them,  although  they  are 
nevertheless  quite  distinct  from  one  another  in  appearance. 

The  epidemnis^  or  scarf-skin,  is  formed  of  extremely 
small  cells  or  bladders.  Those  of  the  outer  layer  are 
very  hard  and  horny,  and  are  so  flat  that  they  may  be 
compared  to  the  scales  of  fish ; this  arises  from  their 
being  always  exposed  to  the  air,  and  from  the  continual 
friction  against  clothing  and  other  external  things  which 
they  have  to  encounter.  That  horny  layer  of  the 
epidermis  is  constantly  rubbing  off,  and  falling  away ; 
but  in  a state  of  health  the  scales  are  broken  up  to  such 
a fine  dust  that  we  do  not  notice  the  fact.  The  office  of 
the  outer  scarf-skin  is  to  protect  the  tender  parts  under- 
neath, to  prevent  dirt  from  getting  to  them,  and  to  lessen 
the  force  of  any  shock  to  the  nerves.  How  necessary  it 
is,  any  one  who  has  ever  blistered  his  hands  will  know 
from  experience.  If  we  strike  gently  against  any  sub- 
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stance  while  our  hands  are  properly  protected  by  the 
horny  layer,  we  have  merely  the  sense  of  touch ; but 
when  any  accident  has  removed  that  layer  the  slightest 
contact  gives  acute  pain,  and  touch  is  entirely  lost.  The 
epidermis,  also,  to  a great  extent,  prevents  the  skin  from 


h 


Fig.  17. 


Section  of  the  skin,  showing  the  sweat  glands  on  the  epidermis  ; b,  its  mucous 
layer,  or  rete  Malpighi  ; c,  the  papillary  layer  of  the  true  skin  ; d,  the 
dermis,  or  ctitis  vera  ; e,  the  coiled  end  of  a sweat-gland  ; g,  its  duct ; h,  its 
opening  on  the  surface  of  the  skin  ; f,  fat  cells. 

absorbing  any  poisons.  Lead,  mercury,  and  other  injuri- 
ous substances,  will  not  enter  the  blood  and  affect  the 
constitution  unless  they  are  actually  rubbed  through  the 
scarf-skin ; but  if  there  is  a scratch  or  sore,  so  that  the 
true  skin  is  exposed,  the  poisons  will  be  drawn  into  the 
blood  with  great  rapidity.  Workers  in  lead,  looking- 
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glass  silverers,  and  phosphorus  match-makers,  ought, 
therefore,  to  take  great  care  to  cover  the  smallest  scratch 
upon  their  hands  with  wash-leather.  And  any  ointment 
or  lotion  for  the  head  or  face  which  may  contain  mer- 
cury, should  be  scrupulously  kept  away  from  parts  where 
the  epidermis  is  rubbed  up. 

The  mucous  layer  of  the  scarf-skin,  the  rete  mucosum, 
is  composed  of  cells  of  the  same  kind  as  those  of  the 
outer  layer,  but  they  differ  from  the  hard  external  scales 
by  being  much  softer  and  plumper.  They  have  only 
just  been  made  out  of  the  blood,  and  have  not  yet  been 
exposed  to  any  pressure  or  friction.  They  exist,  how- 
ever, simply  to  supply  the  place  of  the  cells  which  are 
continually  rubbing  off  the  outside  of  the  body.  As  the 
cells  of  the  mucous  layer  are  pushed  nearer  and  nearer 
to  the  surface  by  the  growth  of  new  ones  beneath,  they 
come  to  more  and  more  exactly  resemble  the  cells  of  the 
horny  layer ; and  by  the  time  they  reach  the  top,  and 
are  required  to  be  hard  and  scaly,  they  have  become  so, 
and  then  form  the  outer  layer.  This  is  how  the  skin 
which  is  unceasingly  wearing  away  is  replaced. 

The  colouring  matter  of  the  skin,  in  the  form  of 
minute  pigment  granules,  lies  in  the  rete  mucosum. 

The  top  layer  of  the  true  skin  runs  up  into  and  is 
imbedded  in  the  epidermis.  It  is  called  the  papillary 
layer,  and  is  formed  by  small  elevations  shaped  like  a 
sugar-loaf  These  little  mounds  are  made  of  the  elastic 
fibrous  tissue  which  also  forms  the  layer  immediately  be- 
neath them.  Each  of  them  contains  one  or  more  capil- 
laries, and  also  the  terminal  fibre  of  a nerve.  When  an 
impulse  from  without  reaches  those  nerve-mounds  through 
^ the  epidermis,  we  have  the  sense  of  touch.  The  more 
numerous  the  papillae  are  in  any  part,  the  more  delicate 
the  sense  of  touch  will  be  found  to  be. 

The  under  layer  of  the  dermis  is  called  the  reticular 
layer.  The  word  reticular  is  derived  from  the  Latin  for 
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“ a net ; ” and  the  term  is  applied  to  this  part  of  the  true 
skin,  because  it  is  composed  of  bundles  of  strong  fibres 
interlacing  like  a net,  in  place  of  the  cells  of  which  the 
scarf-skin  is  made.  The  dermis  rests  upon  and  blends 
with  a layer  of  fat,  which  is  stored  up,  as  shown  in  the 
engraving,  in  little  bags.  And  in  the  dermis  are  found 
the  glands  which  give  the  skin  a right  to  the  title  of  an 
excreting  organ. 

There  are  two  kinds  of  glands  in  the  skin — the  oil- 
glands  and  the  sweat-glands.  The  last-named  are  incom- 
parably the  more  important. 

The  oil-glands  secrete  a small  quantity  of  a natural 
grease,  the  purpose  of  which  is  to  keep  the  skin  supple 
and  elastic,  so  that  it  may  stretch,  as  there  is  evident 
necessity  it  should  do,  at  the  joints.  For  this  reason 
they  are  found  most  numerously  around  the  joints. 

But  the  sweat-glands  do  the  work  of  excretion,  and 
therefore  are  far  more  important  than  the  oil-glands. 

The  position  in  the  skin  and  the  structure  of  the 
sweat-gland  are  shown  in  Fig.  17.  It  consists  of  a 
hollow  coil  of  very  thin  secreting  membrane,  placed  in 
the  midst  of  a bunch  of  capillaries.  A slightly  corkscrew 
tube  runs  up  from  the  coiled  gland  to  the  surface  of  the 
epidermis,  where  it  ends  in  an  open  mouth.  By  the  aid 
of  a not  very  powerful  lens  the  sweat-pores  may  be  exa- 
mined on  oneself.  They  are  especially  numerous  on  the 
palm  of  the  hand,  in  which  situation  there  are  no  less 
than  three  thousand  openings  on  every  square  inch  of 
the  skin.  In  the  whole  body  there  are  more  than  three 
million  sweat-glands,  each  having  its  own  pore  on  the  epi- 
dermis. Mr.  Erasmus  Wilson  calculates  the  number  to 
be  even  greater  than  this ; and  as,  on  an  average,  each 
gland,  when  the  coil  is  untwisted,  measures  a quarter  of 
an  inch  in  length,  he  reckons  that  there  are,  in  a 
full-grown  person,  no  less  than  twenty-eight  miles  of 
tubing,  engaged  in  the  work  of  separating  from  the 
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blood  and  casting  out  on  the  surface  of  the  body  waste 
matters  for  which  the  system  has  no  further  use.  It 
might  be  judged,  without  any  more  being  said  about  it, 
that  it  must  be  of  the  highest  importance  to  keep  the 
outlets  of  this  vast  quantity  of  tubing  from  being  blocked 
up  by  dirt ; but  the  full  importance  of  frequently 
cleansing  the  skin  of  the  whole  body  can  only  be  pro- 
perly realised  by  considering  the  work  of  the  sweat- 
glands  as  part  of  the  excretory  system. 

Each  one  of  the  three  great  organs  of  excretion  is 
constantly  at  work.  When  we  do  not  notice  that  we  are 
perspiring  at  all,  those  millions  of  sweat-glands  are  really 
throwing  off,  in  the  form  of  invisible  vapour,  more  than 
an  ounce  of  fluid  every  hour,  more  than  a pint  in  the 
course  of  a day.  Of  every  sixteen  ounces  thus  passed 
out  of  the  body,  one  ounce  is  made  up  of  solids  (includ- 
ing a little  urea),  and  carbonic  acid  gas.  These  matters 
are  nothing  less  than  poison  to  us.  If  they  are  not  pro- 
perly removed  from  the  blood,  they  will  inevitably  cause 
disease,  and  may  cause  death. 

Now,  consider  the  condition  of  a person  who  rarely 
washes  the  whole  of  his  body,  contenting  himself  with 
cleansing  only  those  parts  which  can  be  seen.  Dr. 
Mapother,  of  Dublin,  says  that  this  is  the  condition  of 
many  of  the  poor  afflicted  with  bad  skin  diseases.  The 
perspiration  dries  on  the  body,  and  holds  with  it  the 
cast-off  scales  of  epidermis,  and  the  dust  and  dirt  which 
come  against  the  skin  from  without.  All  these  matted 
together  form  a complete  crust  over  the  pores  of  the 
sweat-glands.  Of  course  the  mouths  of  the  tubes  are 
nearly  blocked  up,  and  the  action  of  these  most  import- 
ant little  organs  is  seriously  impeded. 

The  result  is  that  extra  labour  is  thrown  upon  the 
lungs  and  the  kidneys.  The  former  have  to  get  rid 
of  carbonic  acid,  and  the  latter  of  urea  and  water, 
which  the  skin  would  have  passed  off  if  it  had  been 
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kept  in  a clean  and  healthy  condition.  The  kidneys 
chiefly  are  overburdened.  They  make  every  effort  to 
do  the  additional  work  that  is  thrown  upon  them ; but 
sooner  or  later  they  fail  under  the  burthen,  and  become 
diseased.  Kidney  complaints  are  the  result  of  neglect 
of  bathing  to  an  extent  that  is  quite  unsuspected  by  the 
people  who  suffer  from  them. 

But  even  worse  than  this  may  be  feared.  There  is  a 
limit  to  the  power  of  substitution  of  action  between  the 
skin  and  the  kidneys.  If  a rabbit  be  varnished  all  over, 
so  that  the  action  of  its  skin  is  completely  stopped,  it 
will  die  within  two  hours  with  every  symptom  of  being 
poisoned.  A similar  experiment  was  once  accidentally 
made  upon  a human  being.  When  Pope  Leo  the  Tenth 
ascended  the  papal  throne,  a child  was  prepared  to 
represent  in  his  procession  the  Golden  Age  which  was 
supposed  to  be  dawning,  by  being  varnished  all  over, 
and  covered  with  gold-leaf,  and  this  poor  child  died  in 
six  hours.  Now,  whenever  the  complete  obstruction  of 
any  function  causes  death,  it  is  quite  clear  that  its  partial 
obstruction  must  do  mischief  to  the  vital  powers,  only 
less  in  extent  as  the  evil  is  less.  Therefore,  when  the 
work  of  the  sweat-glands  is  rendered  difficult  by  their 
being  clogged  with  dirt,  not  only  is  the  labour  of  the  kid- 
neys greatly  increased,  but  the  poisonous  matters  which 
the  skin  should  remove  are  left  in  the  blood,  and  general 
bad  health  inevitably  follows. 

After  this  explanation  it  cannot  be  necessary  to  add, 
in  so  many  words,  the  frequent  use  of  the  full  bath  is 
necessary  to  health. 

A cold  bath  every  morning  is  a most  valuable  and 
perfect  tonic ; there  is  no  better  strengthening  medicine. 
Not  only  does  it  keep  the  skin  in  a healthy  condition, 
but  it  also  aids  the  circulation,  and  gives  tone  to  the 
nerves.  A plunge-bath — getting  all  at  once  into  a tub 
large  enough  to  take  in  the  whole  body;  a pouring- 
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bath — standing  in  a tub,  and  having  a few  cans  of  cold 
water  poured  over  the  head ; or  even  a simple  rubbing 
with  a large  wet  towel — will  be  found  of  great  value, 
restoring  a weakly  person  to  health,  and  maintaining 
the  vigour  of  a healthy  one.  But  whichever  form  of 
bath  may  be  adopted,  the  application  of  the  cold  water 
should  always  be  followed  by  a brisk  and  vigorous  rub- 
bing with  a dry  towel  until  a warm  glow  is  felt.  The 
cold  constringes  the  coats  of  the  capillaries,  and  drives 
the  blood  to  the  internal  organs  \ the  thorough  rubbing 
dry  brings  the  blood  back  to  the  surface  again.  This  is 
what  is  termed  the  “ reaction,’'  and  unless  it  is  secured 
the  bath  does  more  harm  than  good.  A chill  remaining 
after  a cold  bath,  or  coming  on  about  an  hour  later, 
shows  that  the  reaction  has  not  been  perfect.  When 
this  is  the  case  the  person  should  stay  in  the  bath  for  the 
shortest  possible  time,  just  getting  in  and  out  again,  and 
should  rub  the  skin  with  flesh-gloves  for  several  minutes.  A 
cold  bath  should  not  be  taken  within  two  hours  after  a meal. 

For  cleanliness  a warm  bath  and  soap  must  be  used 
occasionally,  even  by  those  who  take  regular  cold  baths. 
Everybody  knows  that  warm  water  removes  grease  when 
cold  water  will  not  do  so  \ and  the  secretion  of  the  oil- 
glands  makes  our  skin  greasy.  Soap  dissolves  the  outer 
crust  of  the  epidermis.  The  scarf-skin  is  not  only  as 
hard  as  horn,  but  it  has  really  the  same  chemical  com- 
position as  horn.  Horn  is  soluble  in  alkalies.  When  it 
is  put  into  such  substances  as  strong  soda-lye  it  will  dis- 
solve. Soap  is  an  alkali,  though  a very  weak  one.  It 
follows  that  when  we  wash  ourselves  with  soap  the  outer 
crust  of  the  epidermis  is  dissolved,  and  comes  away 
together  with  all  dirt  from  the  surface  of  the  skin. 

Those  who  desire  to  keep  the  skin  in  perfect  health 
must,  therefore,  take  frequent  and  regular,  cold  baths, 
with  occasional  washings  with  soap  and  warm  water  for 
complete  cleanliness. 
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Eruptions  upon  the  skin  are  among  the  signs  of  in- 
fectious diseases,  and  show  how  powerful  an  agent  the 
skin  is  in  cleansing  the  system.  Infectious  diseases  are 
those  which  can  be  conveyed  from  one  person  to  another 
without  the  healthy  touching  the  sick.  Naming  them  in 
the  order  of  their  infectiousness  they  are  : — Smallpox, 
scarlet-fever,  typhus,  measles,  hooping-cough,  diphtheria, 
and  probably  typhoid  fever  and  cholera.  In  nearly  all 
of  these  there  are  spots  upon  the  skin ; but  they  are 
blood  diseases,  and  the  eruption  is  merely  Nature’s  en- 
deavour to  throw  the  poison  out  of  the  body. 

Isolation  of  any  person  suffering  from  such  a disease 
is  an  absolute  necessity.  The  patient  must  have  a room 
to  himself,  and  nothing  should  be  permitted  to  go  out 
of  that  room — neither  clothing,  nor  bedding,  nor  carpets 
— until  it  has  been  disinfected  with  carbolic  acid,  or 
some  other  chemical  preparation  with  similar  powers. 
Doubtless  one  of  the  ways  in  which  infection  is  carried 
from  place  to  place  upon  clothing,  or  floats  through  the 
air  for  long  distances,  is  by  the  falling  off  of  the  epi- 
dermis, which,  as  already  said,  is  continually  happening. 
After  scarlet  fever,  the  skin  of  the  whole  body  generally 
peels  off  in  flakes,  and  it  is  not  safe  for  the  sufferer  to 
mix  with  healthy  persons  until  this  process  is  quite  com- 
pleted. 

Clothing  is  worn  to  protect  the  skin  from  sudden 
changes  of  temperature,  and  to  prevent  it  from  parting 
too  rapidly  with  its  heat.  Flannel  is  the  best  material 
for  garments  which  are  next  the  skin,  since  it  both 
retains  heat  (in  other  words,  is  a bad  conductor)  and 
absorbs  perspiration.  For  a variable  climate,  such  as 
that  of  Great  Britain  during  the  spring  and  autumn,  it  is 
most  valuable.  Linen  is  the  coldest  and  most  objec- 
tionable of  fabrics  to  place  against  the  skin.  Calicoes 
occupy  an  intermediate  position  between  linen  and 
flannel,  as  regards  the  readiness  with  which  they  allow 
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heat  to  pass  through  them ; and  cotton  garments  are 
perhaps  best  for  wearing  next  the  skin  in  the  height  of 
summer  in  a temperate  climate,  because  they  wash  so 
much  better  than  flannels,  and  are  therefore  more  likely 
to  be  changed  often. 

All  kinds  of  powders,  paints,  and  washes  for  the  face 
are  injurious  to  the  skin.  In  the  last  century  there 
lived  two  exceedingly  beautiful  young  ladies  named 
Gunning.  They  were  so  lovely  that  they  were  mobbed, 
when  they  walked  in  Hyde  Park,  by  their  admirers. 
One  of  these  beautiful  girls  died  early  in  life  from  a 
cancerous  disease  of  the  face,  caused  by  her  painting 
her  cheeks  when  late  hours  and  hot  ball-rooms  had 
removed  the  natural  bloom  which  she  brought  from  her 
native  Irish  hills  and  dales.  This  is  a high  price  to  pay 
for  a little  fleeting  admiration. 


CHAPTER  X. 


THE  EYE  AND  ITS  HEALTH. 

The  structure  of  the  eye,  adapted  as  its  details  are  to 
produce  all  the  wonders  of  the  sense  of  sight — to  enable 
us  to  see  equally  well  the  point  of  a needle  held  close  to 
us,  and  a landscape  of  miles  in  extent,  to  distinguish 
colours  and  shapes,  and  to  form  accurate  judgments  of 
distances  and  positions — is  both  somewhat  complicated 
and  very  beautiful. 

The  description  which  I am  about  to  give  of  it  will 
be  much  better  understood  if  you  will  procure  and 
examine  some  bullocks’  eyes.  Five  or  six  eyes  should 
be  obtained,  so  that  the  organ  may  be  examined  from 
several  points  of  view. 

Fig.  1 8 represents  a slice,  cut  right  down  through 
the  centre,  of  an  eyeball  which  has  been  hardened  in 
methylated  spirit.  Look  well  at  it,  so  as  to  become  per- 
fectly familiar  with  the  arrangement  of  the  parts.  The 
aqueous  humour  and  the  vitreous  humour  are  fluids^ 
filling  the  cavities  in  which  they  are  placed  : the  sclerotic 
and  cornea,  which  together  form  the  outermost  coat  of 
the  eyeball ; the  choroid,  the  ciliary  processes,  and  the 
iris,  which  together  make  the  second  coat  of  the  eye ; 
and  the  retina,  which  lines  the  inside  of  the  globe,  are 
all  fuejnbranes,  each  having  its  own  peculiarities  of  struc- 
ture : and  the  lens  is  a transparent  crystal-like  jir7n  body, 
separating  the  aqueous  and  vitreous  humours. 

You  will  notice  that  the  eyeball  is  not  a perfectly 
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round  globe,  but  has  a projection  in  front,  which  is  like 
a piece  cut  off  a smaller  globe  and  fixed  upon  the  front 
of  the  larger  one.  If  it  were  not  for  this  projecting  piece 
on  the  front,  the  eyeball  would  be  a globe  of  just  an  inch 
in  diameter ; but  the  curving  out  of  the  front  makes,  it 
an  inch  and  a sixth. 


Y/////7/. 


Fig.  i8. — Section  through  the  Left  Eye. 

S.C.,  Sclerotic  coat;  C.C.,  choroid  coat;  Ret.,  retina;  V.,  cavity  filled  by 
the  vitreous  humour ; M.M.,  ciliary  muscle ; P.P.,  ciliary  processes  cut 
through;  /.,  the  iris;  L.,  the  crystalline  lens;  Aq.,  the  cavity  filled  by 
the  aqueous  humour ; Ca.,  cornea  ; M.L.,  macula  lutea,  or  yellow  spot. 

The  outermost  coat  of  the  eye  is  a very  thick  strong 
membrane.  All  round  the  back  and  the  sides  of  the 
ball  it  is  opaque ; that  is,  we  could  not  see  through  it. 
But  just  that  little  piece  in  the  front  which  bulges  out, 
and  which  we  call  the  white  of  our  eyes,  is  transparent. 
All  that  part  of  this  outermost  coat  which  is  dense  and 
opaque  is  called  the  sdavtic ; the  transparent,  glistening 
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piece  in  front  is  the  cornea.  Note  where  the  cornea  and 
the  sclerotic  join  on  to  one  another;  just  there  are 
several  structures  which  must  be  described  in  detail  pre- 
sently. 

The  second  coat  of  the  eyeball,  lining  the  sclerotic, 
and  ending  just  where  that  membrane  does,  is  called  the 
choroid.  It  is  a membrane  with  a great  number  of  blood- 
vessels in  it,  and  is  lined  inside  with  a layer  of  black  pig- 
ment cells.  The  choroid  runs  right  round  the  whole  of 
the  back  three-fourths  of  the  eyeball ; but  it  ends  just 
beside  the  crystalline  lens  (see  Fig.  18)  in  a very  peculiar 
manner.  It  wrinkles  up  into  a series  of  ridges  and  de- 
pressions, something 
like  a goffered  frill  on 
the  bottom  of  a lady’s 
starched  white  petti- 
coat. These  ridges 
are  called  the  ciliary 
processes  of  the  cho- 
roid coat.  They  are 
shown  in  Fig.  19,  or 
you  can  see  them  by 
cutting  a bullock’s 
eye  round  the  middle 
of  the  ball  (trans- 
versely), and  looking 
at  the  front  half  from 
behind.  The  ciliary 
appear 


a . 


Fig.  19. — Ciliary  Processes  of  the  Choroid 
Coat,  seen  from  behind. 
a,  Ciliary  processes,  about  sixty  in  number  in  this 

specimen  ; 3,  front  part  of  the  choroid  coat ; prOCeSSeS 
c,  circular  and  radiating  muscular  fibres  of  somethin?  like  the 
the  iris — the  letter  is  placed  in  the  pupil.  , . , 

rays  which  you  may 
have  seen  painted  on  a sign-board  around  the  face  of 
“The  Rising  Sun.” 

The  top  fibres  of  the  ciliary  processes  pass  on  into 
the  /m,  which  thus  forms  the  foremost  part  of  the  second 
coat  of  the  eye.  The  iris  is  the  coloured  part  of  the 
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eye ; if  we  talked  in  every-day  life  with  that  precision 
which  is  termed  pedantry,  we  should  never  say  “ What 
colour  are  his  eyes  ? ” but  “ What  is  the  colour  of  the 
anterior  pigment  cells  of  his  iris  ? ” The  back  of  the 
iris  is  always  covered  with  very  dark-coloured  cells,  what- 
ever may  be  the  tint  of  its  anterior  surface.  It  was  just 
said  that  the  ciliary  processes  pass  on  to  and  join  with 
the  iris ; in  like  manner,  the  dark  pigment  cells  on  the 
posterior  surface  of  the  iris  are  continuous  with  those  of 
the  choroid  coat  and  its  ciliary  processes. 

The  substance  of  the  iris  consists  essentially  of  muscu- 
lar fibres.  It  has  a round  hole  in  its  centre  which  we  call 
the  “ pupil.”  Some  of  the  muscular  fibres  radiate  upwards 
from  the  pupil ; others  form  a ring  around  it.  The 
result  of  this  arrangement  is  that  the  size  of  the  pupil 
varies.  The  contraction  of  the  radiate  fibres  increases 
the  size  of  the  hole,  while  the  action  of  the  circular  fibres 
diminishes  it.  Now,  the  muscular  fibres  in  the  iris  are 
involuntary  ones,  as  those  of  the  heart  were  described  to 
be  in  Chapter  III.;  and  the  special  stimulus  which 
causes  the  contraction  of  the  fibres  in  the  eye  is  light. 
If  you  get  some  one  to  first  stand  with  his  eyes  looking 
right  at  a window,  and  then  to  turn  his  back  to  the  light, 
you  can  see  that  the  pupil  is  four  times  as  large  in  the 
last  as  it  was  in  the  first  position.  If  a glare  of  sunshine 
passed  right  into  our  eyes,  we  should  be  blinded  by  it. 
But  such  a glare  causes  the  contraction  of  the  circular 
fibres  of  the  iris,  and  that  contraction  diminishes  the  size 
of  the  pupil ; and  since  light  cannot  pass  through  the  pig- 
ment cells,  but  only  through  the  hole,  the  quantity  of  light 
which  enters  the  eye  is  thus  carefully  regulated  without  our 
consciousness  or  will  being  required  to  act  in  the  matter. 

Between  the  cornea  and  the  iris  is  a thin  watery  fluid 
— the  aqueous  hiunour.  Behind,  the  iris  rests  upon  the 

crystalline  lens. 

The  lens  is  a beautiful  transparent  body,  clear  as 
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crystal,  and  convex — that  is,  bowed  outwards — both  be- 
fore and  behind.  If  a fresh  eye  is  cut  round  transversely, 
between  the  cornea  and  the  back  of  the  sclerotic,  a little 
squeeze  will  bring  out  the  jelly-like  vitreous  humour  with 
the  lens  attached  to  the  front  of  it.  The  crystalline  lens 
is  inclosed  in  a bag  of  elastic  membrane,  called  its  cap- 
sule ; and  is  held  in  position  by  another  membrane,  the 
suspensory  ligament  of  the  lens,  which  runs  from  the  edge 
of  the  capsule  to  the  edge  of  the  choroid,  all  round  the  lens, 
and  which  has  folds  that  exactly  fit  into  the  depressions 
between  the  ridges  of  the  ciliary  processes ; thus  the  lens, 
like  the  iris,  is  fastened  to  the  choroid  coat.  Just  at  the 
same  place,  around  the  iris,  is  a circular  band  of  mus- 
cular fibres,  called  the  ciliary  7nuscle.  This  band  also 
runs  round  the  eyeball,  immediately  behind  the  iris,  and 
extends/;w;^  the  point  where  the  cornea  and  sclerotic  join 
into  each  other  to  the  choroid  coat,  passing  over  and  being 
attached  to  the  ciliary  processes  (Fig.  i8).  You  can  see 
that  when  this  muscle  contracts  it  will  pull  the  choroid 
coat  forwards  toward  the  point  of  junction  of  the  cornea 
and  sclerotic.  Try  to  understand  all  this,  because  by  its 
aid  you  can  comprehend  presently  how  the  eye  may  be 
adjusted  to  far  or  near  objects. 

The  vitreous  humour  fills  all  that  large  cavity  which 
is  behind  the  lens.  It  is  a watery  transparent  fluid, 
which  supports  and  keeps  stretched  out  the  internal 
membrane  lining  the  globe,  the  only  part  of  the  eye 
remaining  to  be  described,  and  the  most  important  struc- 
ture of  the  whole — the  retina. 

When  the  vitreous  and  the  lens  together  are  pressed 
out  of  a fresh  eye,  a very  delicate  white  membrane  will 
be  found  to  collapse  in  the  back  half  of  the  cut  globe, 
and  to  remain  attached  to  the  choroid  coat  just  by  a few 
threads,  nearly  in  the  centre  of  the  half  of  the  ball. 
The  membrane  is  the  retina,  and  the  place  where  it 
remains  fastened  is  where  the  nerve  of  sight  enters  from 
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the  brain  and  spreads  out  upon  the  surface  of  the 
retina. 

It  requires  a little  exercise  of  the  imagination  to 
realise  that  this  exceedingly  fine  membrane  which  we  see 
is  composed  of  three  distinct 
layers,  and  is  very  complex  in 
detail.  Yet  such  is  the  fact, 
and  these  three  layers  are 
bound  together  by  what  are 
called  the  fibres  of  Afuller, 
which  perforate  them  and 
unite  them  (see  Fig.  20).  The 
outer  layer  of  the  retina  (that 
is,  the  one  nearest  to  the 
choroid  and  farthest  from  the 
vitreous)  is  called  the  layer  of 
rods  and  cones.  It  consists  of 
a vast  number  of  rods  laid 
along  side  by  side,  with  cones 
— little  bodies  shaped  like 
sugar-loaves  — mixed  in  with 
the  rods.  They  are  both  laid 
perpendicularly,  so  that  one 
end  of  each  rod  or  cone  points 
toward  the  choroid,  and  the  Fk-  20.— Portion  of  the  retina 
other  toward  the  vitreous  (magnified  250  times). 

humour.  This  layer  forms 
about  one  quarter  of  the  thick- 
ness of  the  retina.  The 
second  layer  is  composed  of 
fine  fibres  and  cells.  The 
third  layer,  which  is  nearest 
to  the  vitreous  humour,  is 
made  up  of  nerve -cells  and 
nerve  fibres.  The  fibres  are  made  by  the  spreading  out 
of  the  optic  nerve.  You  can  see  (Fig.  18)  where  this  nerve 


the  complete  structure  ■,  a to  b, 
the  layer  of  rods  and  cones  ; c to 
g,  the  granular  layer ; h,  nerve- 
cells  ; k,  nerve-fibres,  produced 
by  the  spreading  out  of  the  optic 
nerve.  B,  two  cones,  represented 
separately,  in  connection  with 
the  fibres  of  Muller  and  gran- 
ules. E,  two  rods,  similarly  re- 
presented. 
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enters  the  eye.  It  passes  through  the  sclerotic  and  cho- 
roid coats,  and  then  spreads  out  so  as  to  form  the  inner- 
most layer  of  the  retina.  The  nerve  begins  right  back 
in  the  brain ; so  that  it  is  really  a cord  running  between 
the  eye  and  the  brain. 

Where  the  optic  nerve  enters  from  the  brain,  there 
are  none  of  those  peculiar  little  bodies,  the  rods  and 
cones ; and  by  knowledge  of  this  fact  we  discover,  what 
is  very  remarkable,  that  it  is  the  rods  and  cones  which 
see,  and  not  the  fibres  of  the  optic  nerve.  The  point  at 
which  the  nerve  enters  and  spreads  out,  and  where,  of 
course,  its  fibres  are  most  thickly  distributed,  is  absolutely 
blind ; so  that  the  point  of  entrance  of  the  optic  nerve  is 
actually  called  the  “blind  spot.’’  But  there  is  a place  in 
the  retina  where  there  are  no  fibres  of  the  optic  nerve  to 
be  discovered,  but  where  the  cones  become  very  numer- 
ous ; and  at  that  point  vision  is  stronger  than  at  any  other. 

This  last-mentioned  point  is  called  the  yellow  spot, 
and  is  situated  in  the  very  centre  of  the  back  of  the  eye, 
so  that  the  image  of  any  object  which  we  are  looking 
“straight  at  ” will  fall  directly  upon  that  point  (Fig.  i8). 
Microscopic  examination  of  the  yellow  spot  shows  that 
the  layer  of  rods  and  cones  becomes  much  wider  at  this 
place,  and  that  the  proportion  of  cones  to  rods  is  in- 
creased, while  the  other  layers  of  the  retina  become  so 
much  thinner  as  to  be  nearly  absent.  In  fact,  the  yellow 
spot  is  composed  almost  entirely  of  cones. 

Now,  to  prove  to  you  that  the  entrance  of  the  optic 
nerve  Is  the  blind  spot,  and  that  the  yellow  spot  Is  the 
most  sensitive  part  of  the  retina.  Shut  the  left  eye, 
and  look  with  the  right  at  the  cross  on  the  page,  hold- 
ing the  book  about  ten  inches  from  the  tip  of  your 
nose.  You  will  be  able  to  see  the  dot,  as  well  as  the 
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cross  at  which  you  are  directly  looking.  Now,  keeping 
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the  eye  fixed  steadily  upon  the  cross,  bring  the  book 
slowly  up  toward  your  face.  Presently  you  will  come  to 
a point  at  which  the  dot  becomes  quite  invisible,  and 
only  the  cross  can  be  seen.  Continue  to  draw  the  book 
nearer  to  you,  and,  in  another  moment,  behold ! you  can 
see  both  cross  and  dot  once  more. 

What  is  the  meaning  of  this  ? Here  it  is.  The 
image  of  the  object  at  which  we  look  straight  and  steadily 
necessarily  falls  upon  the  yellow  spot,  exactly  in  the 
middle  of  the  back  of  the  eyeball.  Thus,  the  figure  of 
the  cross  rested  the  whole  time  upon  that  spot.  The 
image  of  the  dot,  in  the  first  position  in  which  you  held 
the  book,  rested  between  the  yellow  spot  and  the  entrance 
of  the  optic  nerve,  which  is  toward  the  nose,  not  in  the 
exact  centre  of  the  globe.  When  the  book  was  drawn 
nearer,  the  image  of  the  dot  had  to  move  round,  so  that 
it  came  upon  the  entrance  of  the  nerve ; then  you  could 
not  see  it  at  all.  Moving  the  book  yet  closer,  you  passed 
the  figure  of  the  dot  round  farther,  so  that  it  fell  between 
the  nose  and  the  entrance  of  the  nerve ; then  it  became 
visible  again.  The  conclusion  which  we  must  draw  from 
this  small  experiment  is  that,  since  every  part  of  the 
retina  can  see  but  that  which  has  no  cones  yet  has  many 
fibres  of  the  optic  nerve ; and  since  vision  is  most  acute 
where  there  are  most  rods  and  cones  and  no  nerve-fibres ; 
therefore  it  must  be  the  rods  and  cones  which  actually 
produce  vision  and  not  the  fibres  of  the  optic  nerve. 

But  seeing  is  really  the  work  of  the  brain.  If  we 
could  cut  the  optic  nerve  without  injuring  any  other  part 
of  the  eye,  we  should  not  be  able  to  see,  because  no 
impulse  could  be  carried  to  the  brain. 

It  appears,  therefore,  that  the  layer  of  rods  and  cones 
receives  the  impulse  of  light,  and  has  the  power  of 
making  that  impulse  act  upon  the  fibres  of  the  optic 
nerve,  which,  when  acted  upon,  carry  the  impulse  on  to 
the  brain ; and  thus  the  sense  of  sight  is  obtained. 
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“ The  impulse  of  light ; ” what  is  that  ? 

Light  is  believed  to  be  produced  by  the  movements  of 
atn  exceedingly  thin  fluid,  called  ether.,  which  surrounds  us 
in  every  place.  Ether  is  very  much  thinner  than  air,  and  its 
vibrations  can  pass  through  the  transparent  membranes 
and  humours  of  the  eye,  and  strike  upon  the  retina.  When 
a ray  of  light  falls  upon  any  opaque  body,  the  impulse  is 
reflected,  or  thrown  back ; and  it  is  these  reflected  vibra- 
tions which  form  the  image  of  the  object  upon  the  retina. 

The  use  of  the  convexity  of  the  cornea,  and  the  double 
convexity  of  the  crystalline  lens,  is  to  bend  the  rays  of 
light  to  a point,  or  focus,  that  they  may  strike  upon  the 
retina.  You  cannot  quite  thoroughly  comprehend  how 
they  act  without  studying  at  length  the  laws  of  optics. 
But  you  will  be  able  to  understand  thus  much  : that  to  form 
an  image  of  any  object,  the  rays  of  light  which  proceed  from 
a given  point  of  it  must  correspondingly  strike  upon  a given 
part  of  the  retina.  Thus,  if  some  rays  come  from  a gas- 
burner  near  the  roof,  and  other  rays  proceed  from  one 
lower  down,  it  is  necessary  for  vision  that  the  rays  from 
the  upper  burner  should  strike  on  a different  part  of  the 
retina  from  that  which  is  affected  by  the  rays  of  the  lower 
one.  To  secure  this,  certain  structures  (viz.  the  cornea, 
lens,  and  vitreous  and  aqueous  humours)  are  placed  in 
the  eye  to  bend  all  rays  which  proceed  from  one  and  the 
same  externa^  point  in  one  and  the  same  direction.  By 
this  bending,  the  different  rays  are  accurately  thrown 
upon  the  retina  at  points  corresponding  to  the  position 
of  the  points  from  which  they  radiate  in  the  object. 

An  ordinary  spectacle  glass  is  a doubly  convex  lens 
— that  is,  bowed  outwards  on  both  sides,  and  thicker  in 
the  centre  than  at  the  edges.  It  will,  therefore,  serve  to 
demonstrate  that  such  a lens  does  so  bend  rays  of  light 
that  pass  through  it  as  to  cause  them  to  converge  upon 
one  spot,  and  arrange  them  in  positions  corresponding  to 
the  points  from  which  they  are  emitted. 
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Fix  a sheet  of  white  paper  against  the  wall  of  a dark 
room ; then  take  a candle  near  to  the  paper,  and  hold 
the  spectacle-glass  between  the  two.  By  moving  the 
candle  and  glass  backward  and  forward,  you  will  find  a 
certain  distance  at  which  an  image  of  the  flaipe,  upside 
down,  is  shown  upon  the  paper.  By  moving  the  candle 
either  nearer  or  farther  away,  the  image  upon  the  paper 
is  made  indistinct ; there  is  just  the  one  point  from  which 
the  candle  is  clearly  reflected,  and  this  is  called  the  focal 
distance  of  the  lens.  The  more  convex — that  is,  bowed 
outwards — the  lens  is,  the  more  acute  is  the  angle  to 
which  it  bends  rays  passing  through  it,  and,  consequently, 
the  nearer  to  it  is  its  focus,  the  shorter  its  focal  distance. 
Thus,  therefore,  when  we  look  at  things  which  are  quite 
close  to  us,  we  want  a more  convex  lens  to  bring  their 
reflected  rays  to  a point  on  the  retina  than  we  need 
when  the  object  is  far  away  from  us. 

To  adjust  the  eye  to  distances  is  the  work  of  the 
crystalline  lens.  The  convexity  of  the  cornea  is  un- 
changeable ; but  that  of  the  front  of  the  lens  becomes 
greater  or  less, 
according  to  the 
distance  from  the 
retina  of  the  ob- 
ject of  vision. 

The  exact  method 
by  which  this  ad- 
justment is  pro-  Pis-  21  illustrates  the  alteration  in  the  convexity  of 
lon2f  the  lens  when  adjusted  i to  distant  objects  . 

, . ^ N,  to  near  obj’ects. 

been  a disputed 

question ; but  the  following  is  the  now  generally  received 
explanation  : — The  lens  is  always  kept  in  a state  of 
tension,  and  so  somewhat  flattened,  by  its  elastic  capsule, 
and  by  its  suspensory  ligament.  This  ligament,  you 
remember,  is  attached  to  the  ciliary  processes.  Now, 
by  the  contraction  of  the  ciliary  muscle  (as  we  saw  before, 
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p.  1 15),  the  choroid  and  ciliary  processes  must  be  pulled 
forward  all  together.  Such  a change  must  relax  the 
tension  of  the  suspensory  ligament,  and  therefore  permit 
the  lens  to  assume  a more  convex  shape.  That  is  what 
is  held  to  occur  when  we  bring  our  eyes  to  bear  upon 
near  objects ; and  the  sense  of  effort  which  we  feel  is 
caused  by  the  contraction  of  the  ciliary  muscle.  In  pro- 
portion as  that  contraction  is  diminished,  the  elasticity  of 
the  suspensory  ligament  pulls  the  lens  flatter,  and  so 
adjustment  to  far  objects  is  obtained. 

You  saw  that  the  image  of  the  candle  was  thrown 
by  the  lens  upon  the  paper  upside  down.  All  images 
are  necessarily  formed  upon  the  retina  in  like  manner ; 
but  we  reverse  them  by  an  act  of  judgment  in  the  brain, 
having  insensibly  found  out  by  experience  that  a point 
which  is  reflected  at  the  lower  part  of  the  retina  is,  as  a 
matter  of  fact,  as  touch  shows  us,  higher  than  the  one 
apparently  above  it. 

Near-sighted  people  have  too  long  eyes  (from  before 
backwards),  or  the  cornea  too  convex,  or  else  are  not  able 
to  flatten  the  lens  sufficiently.  The  consequence  is  that 
objects  are  brought  to  a point  too  soon  in  their  eyes,  and 
the  image  falls  in  front  of,  instead  of  upon  the  retina, 
unless  it  is  held  very  close  to  them ; this  defect  may  be 
partly  remedied  by  wearing  concave  glasses. 

Others  suffer  in  the  opposite  way  to  this,  being  unable 
to  discern  clearly  objects  which  are  close  to  them ; the 
cornea  or  the  lens  is  flatter  than  it  should  be,  and  hence 
the  focal  distance  would  be  a point  behind  the  retina 
while  the  object  was  at  the  ordinary  distance  from  the 
eye.  This  is  commonly  the  defect  of  sight  from  which 
elderly  people  suffer.  Co7ivex  glasses  must  be  worn  by 
persons  whose  eyes  are  in  this  condition. 

It  is  not  wise  for  people  who  require  spectacles  to  go 
to  a shop  and  choose  a pair  for  themselves.  Surgeons 
who  give  special  attention  to  the  eyes  (opthalmologists) 
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have  always  a set  of  types  and  glasses  for  ascertaining  the 
exact  degree  of  convexity  or  concavity  required  in  each 
case ; and  if  this  is  not  properly  found,  the  spectacles 
bought  are  very  likely  to  be  either  too  weak  or  too 
strong,  in  either  of  which  cases  they  will  injure  the  sight. 
Glasses  should  not  be  so  strong  as  to  magnify  an  object, 
but  only  to  render  it  clear  and  distinct  when  held  at  an 
ordinary  distance  from  the  eye. 

Reading  when  travelling,  or  under  a flickering  light, 
is  very  bad  for  the  eyes,  because  the  focal  distance  is 
changed  every  few  seconds,  and  the  lens  has  to  perpetu- 
ally alter  its  adjustment  in  consequence.  The  retina, 
also,  is  fatigued  by  the  unsteadiness  of  the  impression. 

Light  ought  not  to  be  allowed  to  fall  directly  upon 
the  eyes  when  we  are  reading  or  working,  but  we  should 
be  so  seated  at  the  desk  or  table  that  the  light  falls  over 
the  left  shoulder.  If  we  have  the  light  coming  over  the  right 
shoulder,  the  hand  throws  a shadow  which  obscures  the  work. 

Dr.  Reynolds  says, — “ Among  habits  which  exert  an 
unfavourable  effect  upon  the  eyes,  the  use  of  tobacco 
ought  not  to  be  passed  over  unnoticed.  There  can  be 
no  doubt  that  this  powerful  narcotic  is  highly  detri- 
mental” Mr.  Critchett,  and  other  great  London  oculists, 
have  recently  borne  testimony  to  the  frequency  with 
which  partial  blindness  is  induced  by  the  excessive  use  of 
tobacco,  especially  among  very  young  men. 

When  the  eyes  ache  and  smart  after  working  a short 
time,  they  should  be  rested  for  a few  minutes  as  often  as 
possible.  Cold  water  is  almost  the  only  application 
which  should  be  made  to  the  eyes  without  medical  orders. 
When  there  is  a feeling  as  of  sand  under  the  lids,  and 
when  small  congested  blood-vessels  are  visible  on  the 
cornea,  a very  little  pinch  of  alum  in  a tumbler  of  cold 
water  makes  a simple  and  good  eye-water. 

Here  is  an  anecdote  from  an  old  writer,  which  may 
give  a needed  warning  to  young  folks  who  are  fond  of  fun. 
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“ I was  once  called  to  a man  who  had  enjoyed  a 
remarkable  vision,  and  who,  but  a short  time  previously, 
had  suddenly  gone  stone  blind.  He  was  in  the  com- 
pany of  some  familiar  friends,  when  a stranger  suddenly 
came  behind  him,  and  covered  both  his  eyes  with  his 
hands.  Now  he  was  to  tell  who  was  behind  him. 
Whether  he  knew  or  not  I cannot  say;  but  without 
speaking  a word,  he  endeavoured  to  free  himself  from 
the  pressure.  But  the  more  he  endeavoured  the  more 
firmly  did  the  other  press  with  his  hands;  until,  when 
they  were  removed,  he  found,  on  opening  his  eyes,  that 
the  sight  was  for  ever  gone.” 

The  appendages  of  the  eye  are  the  lachryjnal  gland., 
situate  at  the  outer  corner  of  the  orbit,  and  secreting  the 
tears,  which  serve  to  keep  the  eye  moist,  and  which,  when 
not  excessive  in  quantity,  pass  down  the  lachrymal  duct 
into  the  nose ; and  the  eyelids,  brows,  and  lashes,  which 
protect  the  eyeball.  A thin  membrane,  called  the  conjtmc- 
tiva,  covers  the  inside  of  the  eyelids,  and  is  reflected  {i.e. 
bent  backwards)  over  the  cornea. 

The  eye  is  turned  from  side  to  side  by  the  action  of 
six  small  muscles.  Squinting  is  produced  by  the  exces- 
sive strength  of  one  of  these  muscles,  which  makes  it  act 
against  the  others  with  more  power  than  it  should  do. 
Thus,  when  an  effort  is  made  to  look  at  any  given  point, 
the  eyes  do  not  respond  exactly  to  the  will,  and  the 
image  of  the  object  falls  in  different  axes  on  the  retinae. 
Squinting  is  not  merely  a serious  deformity,  but  also  pro- 
duces weakness  and  eventual  great  injury  to  one  or  both 
of  the  eyes ; it  should  therefore  be  always  attended  to. 
The  operation  is  by  no  means  a formidable  one.  The 
vulgar  expression  “ turning  the  eye  ” does  not  convey  the 
truth.  All  that  the  surgeon  does  is  to  make  a small 
snip  through  the  conjunctiva  and  divide  the  tendon  of 
whichever  muscle  is  at  fault.  This  is  neither  dangerous 
to  the  sight  nor  very  painful. 
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THE  EAR,  TOUCH,  TASTE,  AND  SMELL. 

How  often  poets  and  novelists  have  compared  the 
daintily-shaped  and  delicately-tinted  ear,  laid  so  prettily 
in  relief  against  the  deeper  colour  of  the  hair,  to  a sea- 
shell  hiding  under  the  grasses  of  an  ocean  cave.  I 
wonder  if  they  knew  that  they  were  borrowing  a simile 
from  anatomists  ? For  such  is  the  truth.  Science  calls 
that  outer  ear  the  Concha^ — that  is,  the  shell.  And 
indeed  the  poetical  faculties.  Imagination  and  Fancy, 
have  been  drawn  upon  very  much  for  the  nomenclature 
of  the  organ  of  hearing.  You  will  see  how  fanciful  and 
suggestive  most  of  the  terms  are. 

The  concha,  although  it  commonly  receives  the  title 
of  the  ear,  is  only  a small  and  a comparatively  unimpor- 
tant portion  of  the  organ  of  hearing.  Its  purpose  is  to 
collect  the  vibrations  of  the  air  which  make  sound,  that 
they  may  the  more  readily  pass  to  the  auditory  nerve ; in 
fact  it  is  a natural  ear-trumpet  The  tube  leading  into 
the  head  from  the  centre  of  the  concha  is  the  external 
auditory  meatus^  the  outer  passage  of  hearing.  It  is  a 
canal  an  inch  and  a quarter  in  length.  The  concha 
and  the  external  meatus  are  classed  together  as  forming 

^ Many  anatomists  confine  this  name  to  the  central  depression  of 
the  outer  ear,  and  term  the  entire  external  cartilage  the  pinna  or 
auricle ; but  others,  including  Professor  Huxley,  use  it  as  I have 
used  it  above,  and  its  poetical  excellence  as  a name  for  the  whole 
outer  ear  is  obvious. 
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the  first  division  of  the  organ,  and  make  up  what  is 
called  the  external  ear.  The  whole  organ  is  divided,  for 
convenience  of  description,  into  three  parts ; and  the  por- 
tions yet  remaining  to  be  described  are  termed  respect- 
ively the  middle  ear,  and  the  mternal  ear  or  labyrinth. 

At  the  bottom  of  the  outer  passage  of  hearing,  there 
is  a membrane  stretched  tightly  across.  This  is  the 
boundary  between  the  external  and  the  middle  ear;  it  is 
named  the  tympa^iic  mei?ibrane.^  or  membrane  of  the  drum 
of  the  ear.  The  cavity  which  it  covers  in  is  the  ty77t- 
pamtm.,  or  drum.  A membrane  alone,  you  know,  cannot 
be  a drum ; to  make  one,  it  must  be  tightly  stretched 
over  a hollow  space ; but  one  of  the  errors  of  common 
speech . is  to  call  the  tympanic  membrane  itself  “ the 
drum  of  the  ear.” 

The  communication  between  the  external  and  middle 
ear  is  quite  cut  off  by  the  tympanic  membrane,  through 
which  no  fluid  or  solid  can  pass ; so  that  if  a small 
insect,  or  such  a thing  as  a bead,  or  pea,  should  happen 
to  get  into  the  ear,  there  is  no  fear  of  its  going  in  very 
far.  More  mischief  is  likely  to  be  done  by  efforts  to 
extract  the  substance  than  by  its  mere  presence  in  the 
canal.  The  best  way  to  remove  an  insect  from  the  ear 
is  to  lay  the  head  upon  a pillow,  in  such  a manner  that 
that  ear  is  uppermost  which  has  the  intruder  in  it — thus, 
if  the  left  ear  is  the  one  “ taken  by  assault,”  the  right 
side  of  the  face  must  be  lain  upon — and  to  quite  fill  the 
passage  with  sweet  oil.  In  all  probability,  the  insect  will 
float  to  the  top  very  quickly.  Even  if  it  should  not  do 
this,  it  will  certainly  die,  and  then  can  be  readily  re- 
moved. In  the  case  of  a solid  body,  if  it  will  not  fall 
out  when  the  ear  is  turned  downwards  and  the  opposite 
side  of  the  head  gently  struck,  the  patient  should  be 
taken  at  once  to  a surgeon,  whose  instruments  will  pro- 
bably remove  the  substance  with  comparative  ease. 
Incautious  poking  into  the  ear  under  such  circumstances 
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is  extremely  likely  to  rupture  the  tympanic  membrane, 
and  so  to  injure  the  sense  for  ever. 


Diagrammatic  view  from  before  of  the  parts  composing  the  organ  of  hearing  of 
the  left  side  (after  Arnold). — The  temporal  bone  of  the  left  side,  with  the 
accompanying  soft  parts,  has  been  detached  from  the  head,  and  a section 
has  been  carried  through  it  transversely,  so  as  to  remove  the  front  of  the 
external  meatus,  half  the  tympanic  membrane,  and  the  upper  and  front  wall 
of  the  tympanum  and  Eustachian  tube.  The  internal  meatus  has  also  been 
opened,  and  the  bony  labyrinth  exposed  by  the  removal  of  the  surrounding 
parts  of  the  petrous  bone,  i.  The  concha ; 2,  external  meatus ; 2',  membrana 
tympani ; 3,  cavity  of  the  tympanum ; between  3 and  6,  the  chain  of  small 
bones ; 4,  Eustachian  tube ; 5,  the  facial  and  the  auditory  nerves ; 6,  the 
internal  ear ; the  figure  is  placed  on  the  vestibule  of  the  labyrinth,  above 
the  fenestra  ovalis ; b,  internal  carotid  artery ; d,  facial  nerve ; a,  c,  e,  /, 
portions  of  bone. 

Air  enters  the  middle  ear  through  the  mouth,  the 
Eustachian  tube  running  from  the  back  of  the  throat  into 
the  drum  (Fig.  22).  Above  the  opening  of  this  tube — 


* From  Kirkes’  Physiology. 
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that  is  to  say,  on  the  opposite  side  of  the  tympanic 
cavity  from  the  membrane  of  the  drum,  is  a little 
bony  prominence,  and  two  apertures  filled  in  with 
membrane,  like  windows  filled  in  with  glass ; these 
together  make  up  the  back  wall  of  the  middle  ear,  and 
separate  it  from  the  internal  ear.  The  apertures  in  the 
bony  wall  just  mentioned  are  called  windows  : that  one 
which  is  above  the  promontory  is  the  fenestra  ovalis., 
and  that  one  which  is  below  it  is  the  fenestra  roHinda — 
the  oval  window  and  the  round  window.  Both  these 
windows  look  into  (so  to  speak)  the  internal  ear ; if  you 
passed  a bristle  through  either  of  them  it  would  enter 
that  division  of  the  organ. 

A little  chain,  made  up  of  three  tiny  but  distinct 
bones,  joined  on  to  each  other,  runs  across  the  cavity  of 
the  drum  from  the  tympanic  membrane  to  the  oval 
window.  All  three  bones  have  fanciful  names.  If  you 
break  down  the  membrane  of  the  drum  in  a boiled 
sheep’s  head  by  pushing  a skewer  into  the  ear,  you  may  be 
able  to  shake  the  ear  bones  out  through  the  external 
meatus ; if  you  cannot  get  them  in  that  way,  you  may 
succeed  in  finding  them  by  opening  the  hard  bone  just 
behind  the  outer  ear  of  the  sheep.  Of  course,  the  meat 
can  be  taken  off  the  head  first.  Understand  that  the 
bones  are  each  but  little  larger  than  a pin’s  head,  so 
carelessness  will  assuredly  miss  them.  If  you  succeed 
in  getting  them,  you  can  gum  them  on  a card,  and  ob- 
serve how  appropriately  they  are  named  by  their  shape. 

The  first  of  the  three  is  called  the  hammer — in 
Latin,  the  malleus.  The  end  of  the  handle  of  the 
hammer  is  fixed  to  the  tympanic  membrane,  while  its 
head  fits  into  a depression  on  the  top  of  the  second  of 
the  chain  of  bones.  This  next  one  is  called  the  am>il, 
or  incus  ; but  it  might  more  correctly,  says  an  authority 
without  a poetical  mind,  be  compared  to  a double  tooth. 
The  foot  of  the  anvil  is  fastened  to  the  third  and  last  of 
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the  chain  of  bones,  which  is  called  the  stirrup,  or  stapes. 
This  bone  exactly  resembles  the  object  after  which  it  is 
named.  The  upper  part  of  the  stirrup  is  attached  to 
the  anvil,  while  its  foot-plate  is  fastened  firmly  to  the 
membrane  that  fills  in  the  oval  window.  Thus  these 
bones  form  a bridge  across  the  middle  ear,  and  a means 
of  communication  between  the  tympanic  membrane  and 
the  oval  window. 

Now  we  have  reached  the  most  difficult  part  of  the 
description  ; for  on  the  other  side  of  the  oval  and  round 
windows  we  find  the  internal  ear,  and  justly  has  that 
received  the  name  of  the  Labyrinth.  But  it  is  highly 
interesting  to  thread  our  way  through  it. 

The  internal  ear  consists  of  a scries  of  channels 
excavated,  as  it  were,  out  of  one  of  the  bones  of  the 
head,  and  of  various  membranous  structures  lying  inside 
the  bone,  and  in  part  resembling  their  covering  in  shape. 
It  consists  of  three  portions  : the  snnidrcular  canals, 
the  cochlea,  and  the  vestibule,  or  porch,  into  which  both 
the  first-named  parts  open. 

The  bony  semicircular  canals  are  three  in  number. 
They  are  more  than  half,  nearly  three-quarters  circular 
in  shape.  Of  course,  each  canal  has  two  ends  ; and  these 
all  open  near  each  other  into  that  central  cavity  which  is 
called  the  porch  or  vestibule,  because  it  is  the  entrance 
to  the  whole  labyrinth.  Two  of  the  canals,  however, 
join  together  just  before  their  termination,  and  thus 
there  are  only  five  openings  into  the  vestibule.  The 
membranous  semicircular  canals  lie  inside  the  bony 
ones  ; in  the  annexed  engraving  (Fig.  23)  one  half  of  the 
bone  is  removed  to  show  the  soft  tube  inside.  You  see 
that  the  membranous  canals  have  the  same  shape  as  the 
bone  in  which  they  lie ; and  that  they  do  not  “ fit  tight,” 
being  considerably  less  in  diameter  than  the  bony  canals. 
The  swellings  which  are  shown  at  the  end  of  the  tubes 
are  called  the  ampullce. 
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Within  the  bony  vestibule  are  two  membranous  sacs, 
lying  loosely  inside  the  bone,  as  the  membranous  canals 
lie  inside  the  bony  ones ; only  the  bony  vestibule  is  one 
cavity,  while  the  fneinbranous  vestibule  consists  of  two 
parts ; but  the  soft  semicircular  canals  exactly  co7'respo?id 


sc 


Fig.  23. — The  Inner  Ear. 

Coc.,  Cochlea;  V,  vestibule;  S C,  semicircular  canals,  laid  open. 

with  the  bony  surrounding  ones.  The  membranous 
vestibular  sac  into  which  the  canals  open  is  called  the 
utricle;  the  other  sac,  which  communicates  with  the 
cochlea,  is  called  the  saccule. 

The  membranous  canals  and  vestibular  sacs  are 
hollow,  and  are  full  of  a watery  fluid  named  endolyiuph  ; in 
this  fluid  there  are  found  floating  minute  hard  particles, 
which  are  called  ea7-dnst.,  or  ear-stones.  In  the  ampullae, 
too,  are  numerous  stiff  hair-like  processes,  which  grow  out 
from  the  cells  lining  the  walls  of  those  dilatations. 

A fluid  surrounds  the  membranous  structures,  keeping 
them  away  from  the  bone  ; this  is  called  the  pe7-ily777ph. 

Part  of  the  nerve  of  hearing  spreads  out  upon  the 
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walls  of  the  utricle,  the  saccule,  and  the  ampullae  of  the 
membranous  semicircular  canals. 

We  must  now  proceed  to  examine  the  other  portion 
of  the  internal  ear.  The  word  cochlea  means  “ the  snail’s 
shell ; ” and  this  part  of  the  ear  receives  its  name  from 
its  resemblance  to  that  object.  It  is  a passage  excavated 
in  the  hard  bone  of  the  head  in  such  a manner  as  to 
coil  round  upon  itself  two  and  a half  times,  and  to  leave 
a bony  pillar,  called  the  modiolus,  standing  straight  up  in 
the  midst  of  the  coils.  This  is  the  spiral  ca^ial.  Its 
twists  become  smaller  by  degrees,  and  end  at  the  top  in 
a closed  dome.  Perhaps  you  will  understand  better 
what  is  meant  by  the  canal  being  coiled  “ upon  itself,” 
if  you  will  look  into  a snail  or  a periwinkle  shell. 

But  the  one  passage  which  is  produced  by  this  spiral 
arrangement  is  divided  into  three  parts  in  the  following 
manner; — First  of  all,  there  is  a thin  piece  of  bone, 
called  the  spiral  plate,  fastened  on  to  the  modiolus  by 
one  edge,  and  winding  round  it  just  as  many  times  as 
the  spiral  canal  does.  If  this  spiral  plate  went  right 
across  from  the  modiolus  to  the  side  of  the  cochlea,  you 
will  see  that  it  would  divide  the  canal  into  two  parts 
only.  But  it  does  not  run  right  across ; it  stops  just 
about  half-way  over.  Then  two  membranes  arise  out  of 
it,  and  stretch  over  the  rest  of  the  way  to  the  opposite 
wall.  Of  course,  those  edges  of  these  membranes  which 
are  attached  to  the  spiral  plate  are  close  to  each  other ; 
but  they  at  once  diverge,  or  spread  out,  so  that  their 
other  edges  are  attached  to  the  opposite  wall  at  a con- 
siderable (microscopic)  distance  from  one  another.  The 
result  of  this  is  that  the  original  spiral  canal  is  divided 
into  three  parts,  that  which  is  enclosed  by  the  mem- 
branes running  from  the  spiral  plate  being  triangular  in 
shape.  That  one  is  also  the  central  canal  of  the  three ; 
and  for  this  reason  it  is  called  the  scala  media — middle 
passage.  The  passage  on  the  lower  side  of  it  is  called 
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the  scala  tympani.,  because  the  round  window  leads  into 
it,  and  if  there  were  not  membrane  filling  up  that  open- 
ing there  would  be  a free  communication  between  the 
tympanum  and  the  scala  tympani.  The  passage  over 
the  scala  media  is  called  the  scala  vestibuli.,  because  it 
opens  into  the  vestibule ; and  the  oval  window,  with  the 
stirrup  bone  fastened  to  it,  leads  from  the  tympanum  into 
the  vestibule.  So  that  any  movement  of  the  air  in  the 
drum  must  affect  the  scala  tympani  through  the  round 
window,  and  the  scala  vestibull  through  the  oval  window. 
All  three  scalae  are  filled  with  the  same  fluid  as  that  in  the 
semicircular  canals. 

The  scala  media  ends  blindly  a little  below  the  dome 
of  the  cochlea  ; the  consequence  of  this  is  that  the  scalae 
vestibuli  and  tympani  have  no  longer  a partition  between 
them,  and  therefore  freely  communicate  with  each  other. 
The  bottom  end  of  the  scala  media  communicates  with 
the  vestibule  by  a narrow  pipe. 

Fibres  of  the  auditory  nerve  are  distributed  along 
the  whole  of  the  walls  of  the  scala  media,  as  well  as  to 
the  ampullae  of  the  semicircular  canals,  and  to  the  ves- 
tibule. That  membranous  wall  which  separates  the 
scala  media  from  the  scala  tympani  has  a great  number 
of  minute  rod-like  bodies,  called  fibres  of  Corti.,  set  upon 
it  in  such  a manner  as  to  look  like  the  keys  of  a piano. 
The  final  terminations  of  the  nerve  of  hearing  are  believed 
to  be  connected  with  these  bodies,  which  are  moved  by 
the  slightest  impulse. 

It  only  now  remains  to  describe  how  the  vibrations 
of  air  which  make  sound,  reach  and  affect  the  ends  of 
the  auditory  nerve,  so  far  away  from  the  exterior  of  the 
head  where  the  sound  arises. 

All  bodies  which  give  out  sound  are  in  a state  of 
vibration  or  tremulousness,  and  throw  the  air  which 
surrounds  them  into  waves.  The  aerial  sound  waves 
enter  the  external  auditory  passage,  and  strike  upon  the 
tympanic  membrane,  setting  it  vibrating  in  its  turn.  The 
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vibrations  of  the  tympanic  membrane  have  two  results — 
first,  they  throw  the  air  which  is  inside  the  drum  into  waves, 
which  pass  over  and  strike  upon  the  membrane  filling  in  the 
round  window ; and  secondly,  they  move  the  end  of  the 
hammer,  which  in  its  turn  pulls  the  anvil,  and  that  again 
moves  the  stirrup,  which  has  its  end  fastened  in  the  mem- 
brane filling  in  the  oval  window.  The  sound-waves  are 
thus  passed  on  through  the  membranes  filling  the  windows 
to  the  fluid  which  is  in  and  around  the  membranous 
labyrinth  and  the  cochlea.  The  fluid,  with  the  ear-dust 
contained  in  it,  is  by  this  means  agitated,  and  strikes 
against  the  spread-out  ends  of  the  auditory  nerve.  The 
nerve  carries  the  impulse  which  it  has  received  up  to  the 
brain,  where  we  become  conscious  of  the  vibrations,  and 
where  they  are  distinguished  as  sounds. 

It  is  believed  that  the  membranous  semicircular 
canals  and  vestibule  have  the  power  of  telling  the  brain 
whether  a sound  is  loud  or  the  reverse,  but  that 
all  distinctions  of  tune  and  harmony,  all  the  difference 
between  a sweet  and  a harsh  voice,  between  the  glorious 
strains  of  a Mozart  and  the  howls  of  a benighted  pussy, 
are  recognised  by  the  cochlea  alone.  If  this  be  true, 
the  wall  of  the  scala  media  has  not  only  the  same 
appearance  but  also  the  same  office  as  the  key-board  of 
a piano.  Each  one  of  the  rod-like  fibres  set  upon  that 
wall  must  be  attached  to  a single  filament  of  the  auditory 
nerve,  and  must  be  set  in  motion  by  a given  vibration 
and  by  no  other ; so  that  if  we  could  directly  agitate 
any  one  of  the  fibres  we  should  produce  a single  musical 
note  in  the  brain,  just  as  one  is  produced  by  striking  a 
key  on  the  piano.  And  it  is  the  general  opinion  of 
physiologists  that  this  is  the  truth.* 

* It  is  right,  however,  that  I should  mention  that  there  is  some 
doubt  still  about  the  exact  functions  of  these  minute  portions  of  the 
labyrinth,  and  that  this  must  only  be  received  as  a highly  probable 
hypothesis. 
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Sound  vibrations  pass  through  the  air  at  the  rate  of 
1,100  feet  a second.  Light  travels  no  fewer  than  186,000 
miles  in  the  same  time.  Hence  we  see  the  flash  of  the 
lightning  some  seconds  before  we  hear  the  roll  of  the 
thunder. 

Deafness  is  sometimes  caused  by  hardening  of  the 
ear-2c>ax,  the  secretion  which  lubricates  the  tympanic 
membrane  and  the  external  passage,  and  which  is  formed 
by  little  glands  in  the  wall  of  the  meatus.  This  affection 
is  generally  readily  cured  by  proper  treatment.  Deafness 
following  a shock  to  the  ear  may  be  the  result  of  rupture 
of  the  membrane  of  the  drum,  and  any  lotion  applied  to 
the  ear  in  such  a case  would  probably  do  great  mischief 
The  Duke  of  Wellington  had  the  tympanic  membrane  of 
his  left  ear  ruptured  by  standing  just  in  advance  and  a 
very  little  to  one  side  of  a great  cannon  while  it  was  dis- 
charged ; and  a solution  of  lunar  caustic  being  put  into 
the  ear,  incurable  deafness  and  long  suffering  resulted. 
Rupture  of  the  drum  may  be  caused  by  “ boxing  the  ears.” 

Dr.  Abbotts  Smith  maintains  that  deafness  often 
results  from  bathing,  because  water  runs  into  the  external 
meatus  when  the  head  is  dipped,  and,  as  it  cannot  be 
thoroughly  removed  thence  with  the  towel,  evaporates 
slowly,  causing  chill  and  perhaps  inflammation ; and  he 
advises  filling  the  ear  with  cotton-wool  to  prevent  this 
mischief  To  people  who  suffer  from  earache  such 
caution  may  be  very  serviceable. 

The  sense  of  Touch  belongs  to  the  whole  surface  of 
the  skin.  The  nerves  end,  as  described  in  a preceding 
chapter,  in  little  conical  elevations,  called  papilla,  the 
result  attained  by  this  arrangement  being  a greater  extent 
of  nerve  surface.  The  acuteness  of  the  sense  varies  very 
much  in  different  parts  of  the  body.  If  a pair  of  com- 
pass-dividers are  applied  to  the  thigh,  the  two  points 
cannot  be  distinguished  unless  there  is  three  inches 
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distance  between  them ; while  upon  the  tips  of  the 
fingers,  the  points  will  be  felt  as  two  until  they  are  almost 
close  together.  Upon  the  thigh,  the  back  of  the  neck,  and 
other  places  where  the  sense  is  not  acute,  the  nerves  do 
not  end  in  papillae,  but  merely  form  a flat  layer  of  the  skin. 

Touch,  in  common  with  all  our  senses,  may  be  culti- 
vated to  a very  high  degree.  The  blind  acquire  many 
useful  trades,  and  a tactile  acuteness  generally  which  is 
very  remarkable.  But,  perhaps,  the  rapidity  of  a 
weaver’s  movements,  or  the  fineness  of  touch  by  which 
a skilled  surgeon  performs  operations  without  any  aid 
from  sight,  are  even  more  instructive  examples  of  the 
power  of  culture.  So  great  are  our  possibilities  of 
development,  that  we  should  never  say  that  we  cannot 
do  anything.  In  manual  as  in  mental  work,  almost  any- 
thing may  be  accomplished  by  trying  long  enough. 

The  sense  of  Taste  resides  in  the  tongue  and  the 
back  part  of  the  palate.  The  nerve  of  taste  ends  in 
these  situations  in  papillae  very  similar  to  those  of  the 
skin.  They  are  distributed  most  thickly,  and  are  largest 
in  size,  toward  the  back  of  the  tongue.  The  uses  of 
taste  in  enabling  us  to  choose  our  food,  and  to  guard 
against  swallowing  acrid  and  violent  poisons,  are  very 
clear.  But  no  other  of  the  senses  is  so  liable  to  be  per- 
verted from  its  natural  excellence  as  is  this  one.  Animals 
in  a state  of  nature  seem  always  able  to  select  safe  and 
proper  foods  for  themselves,  by  means  of  taste  and  smell 
combined.  But  with  all  man’s  superiority,  this  is  beyond 
his  power;  and  Robinson  Crusoe  on  his  island  had  to 
learn  which  of  the  fruits  of  the  land  were  not  poisonous 
by  watching  the  choice  of  the  birds  of  the  air.  To  us 
the  chief  use  of  the  sense  of  taste  is  to  give  pleasure  in 
eating.  It  is  necessary  for  our  existence,  and  is,  speak- 
ing generally,  an  important  fact,  that  the  proper  perform- 
ance of  all  those  functions  of  animal  life  which  are  not 
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mechanical,  but  dependent  upon  our  volition,  will  be 
rewarded  by  pleasure ; and  conversely,  that  our  neglect 
of  any  of  our  bodily  capacities  shall  be  punished  by  pain. 
Were  it  not  for  taste  and  hunger,  we  might  be  in  danger 
of  letting  ourselves  perish  from  inanition. 

The  sense  of  Smell  resides  in  the  upper  and  back 
part  of  the  nose.  The  partition  which  is  seen  between 
the  nostrils  below  continues  throughout,  dividing  the 
nose  into  two  distinct  cavities,  that  rise  from  the  hard 
palate,  by  which  they  are  separated  from  the  mouth, 
right  up  to  the  root  of  the  nose  between  the  eyes.  There 
are  two  back  openings  of  the  nose,  just  as  there  are  two 
in  front ; the  posterior  nostrils  leading  into  the  throat,  so 
that  air  can  enter  the  lungs  through  the  nose  as  well  as 
through  the  mouth.  The  nerve  of  smell — the  olfactory 
nerve — spreads  out  upon  two  small  scroll-like  bones  in 
the  upper  and  back  part  of  the  nasal  cavities.  All  sub- 
stances which  have  any  scent  give  off  actual  particles  of 
solid  matter,  which  enter  the  nose,  and  excite  the  ends 
of  the  nerve,  by  which  the  sensation  is  carried  to  the 
brain,  where  it  is  recognised.  It  is  very  wonderful  that 
particles  so  minute  that  we  cannot  see  them  with  the 
most  powerful  lens,  nor  find  any  lessening  in  the  weight 
of  a substance  which  has  given  off  millions  of  them, 
should  yet  have  so  real  an  existence,  and  so  undeniable 
an  effect  upon  ourselves. 

Smell  warns  us  against  breathing  bad  air  and  injurious 
gases.  Unpleasant  smells  do  not  necessarily  and  always 
imply  that  the  air  is  dangerous  to  health,  but  they  do  so 
generally. 

The  senses  of  smell  and  taste  are  very  intimately 
connected.  In  some  animals  they  are  actually  conjoined 
through  openings  leading  from  the  palate  to  the  nose ; 
and  we  ourselves  may  much  disguise  the  flavour  of 
nauseous  medicines  by  stopping  the  nose  while  drinking 
them. 


CHAPTER  XII. 


THE  BRAIN  AND  NERVES. 

The  organs  of  sense  described  in  the  last  two  chapters 
were  seen  to  be  in  every  case  merely  an  elaborate  apparatus 
for  receiving  outer  impressions  and  conveying  them  to 
the  brain.  In  the  eye,  the  ear,  the  nose,  the  mouth,  and 
the  skin,  we  found  invariably  that  a nerve  which  had  its 
rise  in  the  brain  terminated  by  dividing  into  fine  and 
spread-out  fibres,  and  that  when  a given  stimulus  was 
applied  to  those  nerve-fibres,  through  the  mediumship  of 
the  special  organ  of  sense,  the  excitement  was  carried  up 
to  the  brain,  where  it  was  interpreted  into  a definite 
sensation.  Thus,  we  may  compare  the  organs  of  sense, 
such  as  the  eye  and  the  ear,  to  the  doors  of  a house,  and 
the  external  stimuli — the  waves  of  light,  of  sound,  etc. 
— to  visitors,  who  enter  through  the  doors,  and  are 
received  by  a servant,  who  answers  to  the  spread-out 
nerve-fibres,  and  conducted  along  the  corridors  formed 
by  the  nerve  itself  into  the  presence  of  the  master  of  the 
house — the  brain ; to  be  by  him  received,  and  scrutinised, 
and  treated  according  to  their  character  and  importance. 

It  is  the  Master  of  the  House  that  forms  the  chief 
subject  of  this  chapter.  And  indeed  this  name  may  be 
fitly  given  to  the  brain  apart  from  the  metaphor ; for  it 
is  the  head  and  centre  of  the  nervous  system,  and  by 
that  system  every  movement  of  every  organ  of  the  body 
is  directed  and  controlled. 

The  brain  itself,  however,  does  not  directly  rule  all 
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parts  of  the  body.  If  the  organs  upon  whose  ceaseless 
activity  our  life  depends  were  under  the  immediate  con- 
trol of  the  brain,  if  our  consciousness  had  to  govern  their 
action,  we  could  think  of  nothing  but  our  own  existence, 
we  could  care  for  nothing  but  our  own  incessant  wants, 
we  might  never  sleep  nor  rest.  This  consideration  at 
once  suggests  that  the  nervous  system  must  be  divided 
into  two  parts — one  to  attend  to  the  grosser  functions  of 
organic  life,  and  one  to  carry  on  the  higher  operations  of 
the  mind  and  to  command  all  those  actions  which  are 
under  the  direction  of  our  will.  Such  a division  really 
exists.  To  return  for  a moment  to  our  illustration  : the 
master  of  the  house  does  not  interfere  with  the  lower 
household  routine,  which  is  committed  to  the  care  of  a 
staff  of  competent  servants ; his  own  attention  is  suffi- 
ciently taken  up  in  directing  matters  which  are  7iot 
routine,  in  giving  orders  about  unforeseen  occurrences, 
in  receiving  guests  (such  as  the  impressions  from  the 
sensory  organs),  and  in  intellectual  labour  and  social 
relations. 

Those  nerve-centres  and  nerves  which  are  the  servants 
who  manage  the  routine  work,  make  up  what  is  called 
the  sy7iipathetic  syste?n ; the  master  of  the  house  and  the 
servants  in  immediate  attendance  upon  him — in  other 
words,  the  brain  and  spinal  cord  with  the  nerves  arising 
from  them — make  up  the  cerebrospinal  system. 

It  must  not  be  supposed  that  there  is  a complete 
division  between  these  two  parts  of  our  nervous  organisa- 
tion ; on  the  contrary,  as  will  be  seen,  there  is  a most 
intimate  connection  between  them.  But  still,  there  is  a 
broad  distinction  between  the  sympathetic  and  cerebro- 
spinal centres  and  nerves,  both  in  function  and  in  arrange- 
ment, which  makes  it  most  convenient  to  study  them 
apart  from  each  other. 

The  centre  of  the  Sympathetic  System  consists  of  two 
rows  of  little  round  lumps  of  nerve  matter,  one  of  which 
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rows  runs  down  on  each  side  of  the  backbone.  The  nerve 
lumps  are  called  ganglia.,  and  they  contain  nerve-cells,  of 
which  you  will  hear  more  later  on,  in  their  substance.  They 
are  not  placed  close  together,  but  each  a little  distance 
below  another ; and  cords  of  nervous  matter  run  between 
them,  so  as  to  connect  them,  and  form  the  rows  into 
chains  of  ganglia.  Nervous  cords  also  pass  into  the 
ganglia  from  the  spinal  cord,  thus  exemplifying  what  was 
stated  above — that  there  is  an  intimate  connection  be- 
tween all  parts  of  our  nervous  organisation. 

Nerves  are  given  off  from  these  central  sympathetic 
ganglia,  and  are  distributed  to  most  of  the  internal 
organs  of  the  body  that  are  not  controlled  by  the  will, 
regulating  the  exercise  of  their  functions.  The  heart  beats 
quickly  or  slowly,  the  stomach  digests,  the  intestines 
move,  and  the  glands  secrete,  through  the  agency  of  these 
nerves.  They  usually  accompany  the  blood-vessels,  and, 
by  regulating  the  degree  of  contraction  of  the  coats  of 
the  arteries,  they  govern  the  flow  of  blood  to  any  given 
part,  and  the  heat  and  growth  which  depend  on  the 
blood  supply.  In  some  parts  of  the  thorax  and  abdomen 
the  fibres  form  a network,  or  plexus^  in  the  midst  of  which 
are  found  ganglia. 

The  name  “sympathetic”  is  given  to  this  nervous 
system,  because  it  is  believed  that  through  its  agency 
distant  organs  have  sympathy  with  one  another’s  afflic- 
tions. Thus,  for  example,  severe  pain  in  any  part  of  the 
body  will  cause  some  sensitive  persons  to  be  sick ; mental 
emotion  will  disorder  the  liver  and  other  secretions ; and 
a blow  over  the  stomach  may  stop  the  heart. 

The  Cerebrospinal  System  is  much  the  more  elaborate 
in  structure,  as  well  as  the  more  important  in  office.  It 
consists  of  the  brain  and  the  spinal  cord,  and  the  nerves 
which  arise  from  them  both.  The  brain,  as  everybody 
knows,  lies  within  the  skull.  The  spinal  cord  is  enclosed 
inside  the  backbone. 
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The  brain  is  contained  in  the  “ strong  room  ” of  the 
house ; we  might  guess  the  value  of  this  precious  jewel 
by  the  care  with  which  it  is  enshrined.  Just  hear  how 
many  coverings  it  has  for  its  protection.  Outside  all, 
there  is  the  hair  of  the  head ; then  comes  the  scalp. 
Under  this  is  the  skull,  a case  formed  of  very  hard  strong 
bones  firmly  jointed  together.  This  bone  is  lined  inside 
by  a tough  thick  skin,  or  membrane,  called  the  dura 
mater.  Then  come  two  layers  of  a smooth  delicate 
serous  membrane,  called  the  arac1i7ioid ; these  two  layers 
become  adherent  to  each  other  at  certain  parts,  so  as  to 
form  a shut  bag;  and  contained  between  them,  in  the 
bag  as  it  were,  is  a liquid,  called  the  arachnoid  fluid. 
This  is  the  usual  seat  of  “ water  on  the  brain.”  Beneath 
the  lower  layer  of  the  arachnoid  is  another  membrane, 
very  delicate  and  containing  many  blood-vessels ; this  is 
the/f^z  mate7%  and  it  coats  the  substance  of  the  brain. 
A small  quantity  of  fluid  also  intervenes  between  the 
arachnoid  and  the  pia  mater ; so  that  the  brain  is  pro- 
tected by  lying  beneath  no  fewer  than  nine  coverings. 

The  dura  mater,  the  arachnoid,  and  the  pia  mater 
membranes  are  all  found  enveloping  the  spinal  cord, 
inside  the  backbone,  just  as  they  do  the  brain. 

Nerve-matter,  of  which  is  composed  the  whole  of 
both  the  sympathetic  and  cerebro-spinal  systems,  is  a 
watery  pulpy  substance.  There  are  two  kinds  of  it, 
grey  and  white.  When  it  is  examined  under  the  micro- 
scope, it  is  found  that  the  ne7've-ce7it7'es  (that  is,  the  brain 
and  cord,  and  the  ganglia)  are  made  up  of  oval  and  star- 
shaped and  of  st7-aight  fibi'es  also.,  while  the  nerves 
(that  is,  the  cords  which  run  from  the  centres)  are  com- 
posed of  flb7'es  alo7ie.  Nerve-matter  contains  albumen, 
fat,  and  phosphorus.  A deficiency  of  any  one  of  these 
ingredients  may  cause  various  nervous  disorders.  The 
quantity  of  phosphorus  in  nerve-matter  appears  to  vary 
with  the  use  of  the  brain.  Hard  study  works  it  up,  and 
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throws  it  out  into  the  blood.  There  is  more  of  it  in  the 
nerve-matter  of  people  in  the  full  prime  of  their  mental 
powers  than  in  that  of  idiots,  of  infants,  or  of  aged  persons. 
We  take  in  the  phosphorus  required  by  our  brains,  as 
we  take  in  all  our  salts,  in  various  articles  of  diet ; among 
those  which  contain  most  of  it  may  be  mentioned  oat- 
meal, apples,  and  shell-fish,  especially  lobsters.  Doctors 
frequently  relieve  nervous  complaints  by  prescribing 
chemical  preparations  of  phosphorus  ; but  it  should  only 
be  so  taken  when  and  as  ordered  by  a properly  qualified 
physician,  for  in  excess  it  is  poisonous,  and  if  taken  at  all 
in  unsuitable  cases  it  is  injurious  instead  of  beneficial.  1 , 
The  spinal  cord  is  continuous  above  with  the  brain, 
and  terminates  below  in  a 
point  at  the  second  loin  bone 
of  the  spine.  It  is  made  of 
both  grey  and  white  matter, 
the  former  being  inside  and 
the  latter  outside.  The  cord 
is  nearly  divided  into  halves 
from  front  to  back  by  two 
deep  fissures  — the  anterior 
and  the  posterior  fissures.,  which 
leave  only  a narrow  bridge  of 
the  grey  matter  to  connect  the 
right  and  left  sides  of  the  8 
cord;  and  a minute  tube,  the  ^^:r- 24-Portion  of  the  spinal  cord, 

with  a spinal  nerve  ; i,  the  an- 
terior fissure ; 2,  the  posterior 
fissure  ; the  half-moons  of  grey 
matter,  meeting  at  their  backs, 
are  here  seen ; 5,  the  anterior 
roots  ; 6,  the  posterior  roots  of  8, 
a spinal  nerve  ; 7,  the  ganglion 
of  the  posterior  root. 


central  canal,  runs  down  the 
middle  of  even  that  narrow 
bridge.  The  grey  matter  is 
arranged  inside  the  white  in 
the  shape  of  a crescent  in 


each  half  of  the  cord ; the 
backs  of  the  two  crescents  are  turned  to  each  other,  and 
are  joined  by  the  bridge  left  at  the  bottom  of  the  fis- 
sures, as  just  described  (Fig.  24). 
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Thu'ty-one  pairs  of  spinal  nerves  run  from  the  spinal 
cord  to  all  parts  of  the  body.  A number  of  delicate 
nerve  filaments  arise  in  two  straight  lines  down  each  half 
of  the  cord ; one  line  on  either  side  of  the  posterior 
fissure,  and  one  line  on  either  side  of  the  anterior  fissure 
(Fig.  24,  5,  6).  These  are  the  roots  of  the  spinal  nerves. 
Those  filaments  which  arise  nearest  to  each  side  of  the 
front  fissure  are  called  the  anterior  roots ; those  which 
are  nearest  the  back  are  the  posterior  roots.  A certain 
number  of  the  roots  join  together,  and  form  bundles. 
The  posterior  bundles  each  present  a small  swelling, 
which  is  called  the  ganglion  of  the  posterior  root.  Then 
one  anterior  and  one  posterior  bundle  join  together,  and 
make  up  the  trunk  of  a spinal  7ienje.,  which  issues  from 
the  backbone  through  a small  opening  provided  for  each 
one.  Since  thirty-one  of  these  trunks  run  from  each 
side  of  the  cord,  there  are  in  all  sixty-two  spinal  nerves. 
They  divide  and  subdivide,  their  final  terminations  going 
into  the  muscles  and  the  skin.  We  will  defer  the  study 
of  the  functions  of  the  spinal  cord  and  nerves  until  after 
we  understand  the  structure  of  the  brain. 

The  top  part  of  the  cord  passes  into  the  lower  part 
of  the  brain.  The  brain  is  divided  into  three  parts  ; — 
the  cerebrum.,  the  cerebellum,  and  the  medulla  oblongata 
(Fig.  25).  The  latter  is  a mass  of  nervous  substance, 
wider  above  than  below;  and  it  is  into  this  that  the 
spinal  cord  passes.  The  central  canal  of  the  cord  widens 
out  in  the  medulla,  and  forms  a cavity  which  is  called 
the  foM'th  ventricle. 

Above  and  to  the  back  of  the  medulla  is  the  cere- 
bellum, or  little  brain.  The  grey  and  white  nerve-matter 
has  a different  arrangement  in  the  cerebellum  from  that 
which  was  seen  in  the  cord.  There  the  gi*ey  matter  was 
inside  the  white ; here  the  position  is  exactly  reversed. 
When  the  cerebellum  is  cut  down  through  the  middle 
lengthways  the  white  matter  is  seen  spreading  out  inside 
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the  grey  so  as  to  look  just  like  the  stem  and  branches  of 
a tree.  This  is  called  the  arhor  vitce. — the  tree  of  life. 

I remarked  that  it  would  be  seen  that  all  the  parts 
of  our  nervous  organisation  are  intimately  connected 
with  each  other.  We  have  already  seen  that  fibres  run 


Fig.  25.* — The  Brain  and  Spinal  Cord  in  Position  (side  view). 


A,  the  cerebrum  ; B,  the  cerebellum  ; M.O.,  the  medulla  oblongata  ; V,  the 
vertebrae,  cut  in  halves  ; c,  the  spinal  cord,  and  the  origin  of  its  nerves. 

between  the  spinal  cord  and  the  sympathetic  ganglia ; 
and  that  the  cord  runs  up  and  merges  into  the  medulla. 
Now  we  shall  notice  how  all  the  parts  of  the  brain  com- 
municate with  one  another. 

The  cerebellum  sends  down  on  each  side  several 
layers  of  nervous  fibres,  which  meet  and  join  together  at 

* From  Bourgery. 
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the  under  side  of  the  brain,  so  as  to  form  a kind  of 
bridge  across  the  medulla.  This  is  the  pofis  varolii. 
Then  the  nervous  fibres  of  the  medulla  pass  forward  and 
intermix  with  those  from  the  cerebellum  which  form  the 
pons;  appearing  again  on  the  opposite  side  of  this 
bridge  in  two  broad  bundles,  which  are  called  criu'a 
cerebri.  Fibres  from  the  crura  cerebri  pass  on  farther 
toward  the  front,  and  enter  two  other  large  masses  of 
nerve  substance,  which  are  called  the  optic  thalami.  Be- 
tween these  two  latter  masses  is  a small  cavity,  called  the 
third  ventricle,  communicating  with  the  fourth  ventricle 
by  a narrow  passage.  The  pineal  gland  and  the  pituitary 
body  are  peculiar  prolongations  out  of  the  third  ventricle. 
The  front  of  the  third  ventricle  is  partly  closed  by  a thin 
layer  of  nervous  matter ; but  in  each  end  of  this  there  is 
an  oval  aperture  by  which  the  third  ventricle  opens  into 
two  other  larger  cavities,  called  the  lateral  ventricles,  and 
situated  actually  in  the  cerebral  hemispheres — that  is  in 
the  top  part  of  the  brain.  The  greater  part  of  the  floor 
of  the  cavities  of  the  lateral  ventricles  is  formed  by  a mass 
of  nervous  matter  named  the  corpus  striatum  (striped  body) 
into  which  there  pass  fibres  from  the  crura  cerebri. 

Those  who  cannot  follow  this  detail  can  yet  notice 
and  remember  the  interesting  fact  that  all  these  separate 
nervous  masses  are  closely  connected  with  each  other  by 
fibres  running  from  one  to  another. 

All  the  parts  just  described  are  situated  at  the  base 
of  the  brain,  somewhere  about  the  level  of  the  top  of  the 
ear.  Overhanging  them,  and  extending  right  up  to  the  top 
of  the  head,  is  the  great  mass  of  the  brain,  the  ce7'ebru7u. 

The  cerebrum  is  divided  by  a fissure  down  the 
centre  (Fig.  26)  into  two  hemispheres,  right  and  left, 
and  each  hemisphere  is  again  marked  off  into  three 
lobes.  The  partition  down  the  middle  of  the  brain 
is  not  quite  complete ; at  the  bottom  of  the  fissure  the 
hemispheres  are  connected  by  a band  of  fibres,  called 
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the  corpus  callosum.  The  corpus  callosum  forms  the 


Fig.  26.* — The  Base  of  the  Brain. 

C,  the  undersurface  of  the  cerebrum;  ci,  the  cerebellum;  tn.od,  the  medulla 
oblongata.  The  nerves  are  numbered  i to  12.  i,  the  olfactory  nerve ; 2, 
the  optic ; 3,  4,  and  6,  nerves  which  govern  the  muscles  of  the  eyeball ; 5, 
the  trigeminal,  which  arises  as  shown  by  two  roots  ; 7,  the  facial  ; 8,  the 
auditory;  9,  the  glosso-pharyngeal ; 10,  the  pneumogastric  ; ii,  the  spinal 
accessory;  12,  the  several  roots  of  the  hypoglossal.  The  figure  6 is  placed 
on  the  pons  varolii ; the  crura  cerebri  are  between  the  third  and  fourth  nerves 
on  either  side.  Just  above  are  a,  the  corpora  albican ta,  and  P,  the  pituitary 
body. 

roof  of  the  lateral  ventricles,  which  were  described 

* After  Bourgery. 
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above.  The  outer  surface  of  the  cerebral  hemi- 
spheres is  twisted  and  convoluted  very  much,  by  which 
means  the  extent  of  surface  is  increased.  The  grey 
matter  in  the  cerebrum  is,  as  it  is  in  the  cerebel- 
lum, outside  the  white ; so  that  the  effect  of  the  con- 
volutions of  the  surface  of  the  hemispheres  is  to  increase 
the  proportion  of  grey  to  white  matter.  The  cerebrum 
weighs  about  six  times  as  much  as  all  the  rest  of  the 
brain  together. 

Twelve  pairs  of  nerves  are  given  off  from  the  brain, 
and  go  to  supply  the  upper  part  of  the  body  with  sensa- 
tion and  motion,  just  as  the  spinal  nerves  go  to  the 
trunk  and  limbs.  Ten  of  the  twelve  arise  from  the 
medulla  oblongata;  two  only  from  the  more  central  part 
of  the  brain. 

The  first  pair  of  nerves  are  the  olfactory^  those 
through  which  we  have  the  sense  of  smell.  This  nerve 
is  really  a part  of  the  cerebrum  itself,  a prolongation  for- 
ward of  the  substance  of  the  hemisphere.  The  excita- 
tion of  the  nerve  of  smelling  is,  therefore,  carried  more 
directly  and  immediately  to  the  higher  brain  than  any 
other  nerve  stimulation  is ; although,  from  the  intimate 
connection  that  exists  between  all  portions  of  the  brain, 
it  is  clear  that  any  agitation  of  one  part  must  be  con- 
veyed to  some  extent  to  all  the  others.  Now,  it  is 
within  the  experience  of  all  of  us  to  some  degree,  that 
“ memory,  imagination,  old  sentiments  and  associations, 
are  more  readily  reached  by  the  sense  of  smell  than  by 
almost  any  other  channel.”  Nearly  every  grown-up  per- 
son has  some  special  little  experience  of  his  own,  proving 
the  truth  of  this  observation.  A thought  of  “ long  ago  ” 
enters  the  mind  with  a sudden  irresistible  rush  when  a 
peculiar  odour,  not  too  frequently  met  with,  affects  the 
nerve  of  smell.  The  professor  of  physiology  in  Harvard 
University,  Dr.  O.  W.  Holmes,  in  one  of  his  wise  books, 
suggests  that  “there  may  be  a physical  reason  for  this 
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Strange  connection  between  the  sense  of  smell  and  the 
mind.  The  olfactory  nerve  is  the  only  one  directly  con- 
nected with  the  hemispheres  of  the  brain,  the  parts  in 
which,  as  we  have  every  reason  to  believe,  the  intellectual 
processes  are  performed.  Whether  this  anatomical  arrange- 
ment is  at  the  bottom  of  the  facts  I have  mentioned,  I will 
not  decide,  but  it  is  curious  enough  to  be  worth  remem- 
bering. Contrast  the  sense  of  taste,  as  a source  of  sugges- 
tive impressions,  with  that  of  smell.  Now,  you  will  find 
the  nerve  of  taste  has  no  immediate  connection  with  the 
brain  proper,  but  only  with  the  prolongation  of  the  spinal 
cord  ” — the  medulla. 

The  only  other  nerve  beside  the  olfactory  arising 
from  the  brain  itself  is  that  of  sight — the  optic  nerve. 
This  pair  is  the  second.^  and  arises  from  the  optic 
thalami. 

The  remaining  ten  all  come  from  the  medulla  ob- 
longata. They  are  numbered  and  enumerated  in  their 
order,  continuing  backwards. 

The  third.,  fourth,  and  sixth  pairs  all  go  to  supply  the 
muscles  which  move  the  eyeball. 

The  fifth  pair  is  the  largest  of  the  whole  number.  It 
is  called  the  trigeminal,  or  three-twins  nerve,  because  on 
each  side  it  separates  immediately  upon  its  origin  into 
three  great  branches.  It  supplies  the  skin  of  the  face, 
and  the  muscles  of  the  jaws. 

The  seventh  pair  are  distributed  to  the  muscles  of  the 
rest  of  the  face,  and  are  hence  named  facial. 

The  eighth  pair  are  the  nerves  of  hearing — the  auditory 
nerves. 

The  ninth,  the  glosso-fhary?igeal,  are  the  principal 
nerves  of  taste ; but  they  also  supply  the  muscles  of  the 
back  of  the  throat. 

The  tenth  pair  are  two  very  important  ones ; and 
they  are  the  only  cranial  nerves  which  travel  far  away 
from  the  place  of  their  origin.  They  are  the  fneumogas- 
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trie  nerves.  Fibres  of  them  go  to  the  organs  of  voice, 
the  heart,  the  lungs,  and  the  stomach,  exercising  great  in- 
fluence upon  the  action  of  all  these  parts.  Thus,  for  in- 
stance, although  the  contractions  of  the  heart  are  not 
caused  by  the  pneumogastric,  yet  irritation  or  injury  to 
the  nerve  will  stop  the  heart. 

The  eleventh  pair  of  nerves  are  called  spinal  accessory.^ 
and  supply  various  muscles  about  the  neck.  The 
twelfth  and  last  pair,  the  hypoglossal.^  cause  the  contrac- 
tion of  the  muscles  which  move  the  tongue. 

As  might  be  inferred  from  the  fact  that  so  many 
nerves  arise  from  it,  the  medulla  oblongata  is  an  ex- 
tremely important  part  of  the  cerebro-spinal  centre.  A 
slight  puncture  in  one  side  of  the  fourth  ventricle 
is  sufficient  to  cause  the  disease  called  diabetes.  A 
greater  injury  to  the  medulla  may  destroy  life  by  para- 
lysing the  muscles  of  the  chest  which  produce  respira- 
tion ; and  if  the  roots  of  the  pneumogastric  nerves  be 
affected  by  the  injury,  death  will  ensue  from  the  arrest 
of  the  heart’s  action. 

The  functions  of  the  remainder  of  the  brain  and  of 
the  spinal  cord  must  be  considered  in  the  next  chapter. 


CHAPTER  XIII. 


THE  WORK  AND  THE  HEALTH  OF  THE  NERVOUS  SYSTEM. 

Sensation  and  will  belong  to  the  brain.  Whenever  we 
feel  any  sensation,  or  whenever  we  make  any  voluntary 
movement,  we  do  so  because  there  has  been  brain 
action.  We  know  that  this  is  the  case,  because,  when  a 
nerve  going  to  a given  part  of  the  body  is  cut  through, 
so  that  it  can  no  longer  carry  messages  to  and  from  the 
brain,  there  is  no  sensibility  to  pain  in  the  part,  nor  can 
the  muscles  be  made  to  move  by  voluntary  effort. 

The  thirty-one  pairs  of  spinal  nerves  are  distributed 
in  fine  filaments  to  the  muscles  and  the  skin  of  the 
trunk  and  extremities.  Movement  is  produced  in  the 
body,  as  you  know,  by  contraction  of  muscle.  Now, 
if  the  trunk  of  a spinal  nerve  be  irritated,  all  the  muscles 
to  which  its  fibres  go  will  contract,  and  the  skin  which 
it  supplies  will  suffer  pain.  This  is  the  same  effect  that 
would  be  produced  by  irritation  of  the  spread-out  fibres 
themselves.  For  instance,  suppose  that  the  palm  of  the 
hand  were  accidentally  laid  upon  a plate  of  hot  iron ; 
instantly  pain  would  be  felt,  and  the  muscles  would  con- 
tract so  as  to  snatch  the  hand  away : but  if  the  hot  iron 
had  been  applied  directly  to  the  trunk  of  the  spinal 
nerve  which  supplies  the  palm  of  the  hand  with  fibres, 
the  result  would  have  been  just  the  same ; there  would 
have  been  pain  felt,  and  the  muscles  would  have  contracted 
in  just  the  same  manner. 

The  trunk  of  a spinal  nerve,  you  will  remember,  is 
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formed  by  the  joining  together  of  its  anterior  and  pos- 
terior roots.  The  eifect  described  above  is  produced 
when  any  part  of  the  trunk  is  irritated ; but  when  the 
irritation  is  applied  to  either  one  of  the  roots,  only  half 
the  result  is  produced.  If  the  anterior  root  be  pinched 
or  burned,  no  pain  is  felt,  but  the  muscles  to  which  the 
nerve  is  distributed  contract.  On  the  contrary,  if  the 
posterior  root  be  irritated,  pain  is  felt  all  over  the  skin 
to  which  the  filaments  go,  but  there  is  no  contraction  of 
the  muscles.  Similarly,  if  the  anterior  roots  of  a spinal 
nerve  be  cut  through,  the  animal  can  feel  pain  in  the  part 
to  which  the  trunk  of  the  nerve  sends  fibres,  but  cannot 
move  the  muscles.  Or,  if  the  posterior  root  is  injured, 
the  sensibility  of  the  part  to  which  the  nerve  goes  is  lost, 
but  the  muscles  remain  under  the  control  of  the  will. 
If  both  roots  are  destroyed,  then  there  is  neither  sensa- 
tion nor  voluntary  motion. 

It  is  clear,  therefore,  that  the  anterior  root  sup- 
plies the  contracting  or  motor  power,  and  the  pos- 
terior root  the  sensory  power ; and  all  sensory  impulses 
coming  from  without  must  enter  the  spinal  cord  by  the 
posterior  roots,  while  all  orders  for  movement  of  the 
muscle  must  leave  the  cord  by  the  anterior  roots  of  the 
nerve  trunk.  It  helps  us  to  remember  “ which  is  which  ” 
to  notice  that  the  initial  letters  of  the  root  and  its  action 
together  are  very  familiar  to  us  in  other  connections. 
Thus  : — 

Anterior — Motor:  A.M. 

Posterior — Sensory  : P.S. 

The  first  two  letters  we  use,  you  know,  when  we  are 
talking  about  the  time  of  day  before  noon ; and  the 
other  two  when  we  want  to  add  something  to  a com- 
pleted letter. 

Sensory  nerves  are  called  also  afferent  nerves,  from  a 
root  meaning  to  carry  to  ; and  motor  nerves  are  termed 
efferent — to  carry  away  from. 
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It  is  clear  that  there  is  an  actual  something  passed 
along  the  nerve  when  these  effects  are  produced.  Pre- 
cisely what  that  is  we  do  not  know.  It  is  considered 
probable  that  there  occurs  a change  in  the  arrangement 
of  the  molecules  of  the  nerve-fibres.  But  we  can  only 
say  that  the  impulse  travels  by  nerve-force.  There  is 
certainly  some  relationship  between  nerve-force  and  elec- 
tricity \ but  the  former  travels  very  much  more  slowly 
than  the  latter.  It  does  not  appear  to  us  that  any 
interval  elapses  between  a touch  being  laid  upon  our 
hands,  and  our  becoming  conscious  of  the  fact.  But  in 
reality  there  is  quite  an  appreciable  time,  nerve-force 
travelling  very  much  more  slowly  even  than  sound. 

There  has  not  yet  been  any  evidence  given  you  that 
impulses  must  reach  the  brain  to  awaken  sensation  and 
will.  Experience,  however,  supplies  such  evidence.  If 
the  spinal  cord  be  cut  across,  or  so  crushed  as  to  destroy 
the  power  of  a small  portion  of  it,  sensation  and  volun- 
tary motion  no  longer  exist  in  those  parts  of  the  body 
which  are  supplied  by  nerves  arising  below  the  point  of 
injury  to  the  cord.  Men  have  been  stabbed  in  the  back, 
and  have  crushed  the  spine  in  part  by  falls ; and  in 
these  cases  they  always  retained  the  power  of  moving 
and  of  feeling  in  those  parts  of  the  frame  which  were 
connected  with  the  brain  through  the  cord,  but  were 
completely  paralysed  in  those  parts  which  were  separated 
from  the  brain  by  being  connected  with  the  cord  at  a 
point  below  the  injury.  These  cases  show  conclusively 
that  volition  and  sensation  belong  to  the  brain. 

But  the  same  cases  give  another  piece  of  valuable 
knowledge.  Suppose  the  cord  to  be  cut  in  the  back  so  that 
the  man  cannot  move  his  own  legs  by  his  will,  nor  feel  when 
they  are  pinched  and  galvanised.  Still,  if  the  soles  of 
the  feet  be  tickled,  the  legs  will  be  violently  drawn  away 
and  kicked  out ; and  a galvanic  shock  will  cause  more 
vigorous  motion  than  the  will  could  do,  notwithstanding 
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that  the  man  only  knows  that  his  feet  are  irritated  and 
that  they  move  because  he  can  look  down  and  see  what 
happens  to  them. 

From  this  we  learn  that  the  cord  is  not  only  a great 
nerve  to  carry  sensations  to  and  bring  back  orders  from 
the  brain,  but  has  also  more  important  functions  of  its 
own.  This  power  which  the  cord  in  itself  possesses  of 
receiving  sensory  impressions  and  converting  them  into 
movements  is  called  reflex  action.  The  impulse  is  reflected 
from  the  sensory  to  the  motor  nerve-root. 

The  next  important  and  interesting  point  to  notice 
is  that  sensory  impulses  going  through  the  cord,  cross 
over  and  pass  up  to  the  brain  through  the  opposite  half 
of  the  cord  from  the  side  of  the  body  at  which  they 
originate ; in  other  words,  if  the  right  side  is  hurt,  the 
left  half  of  the  cord  carries  the  news  of  the  injury  up  to 
the  left  side  of  the  brain.  Motor  impulses,  however, 
come  down  through  the  half  of  the  cord  corresponding 
to  the  side  which  they  will  affect. 

This  is  known  by  the  following  fact.  If  the  right 
half  of  the  cord  be  cut  completely  through,  down  to  the 
bridge,  the  left  half  remaining  untouched,  irritation  of  the 
skin  of  the  right  side  of  the  body  below  the  cut  will 
cause  pain,  but  the  muscles  of  that  side  cannot  be  moved 
by  the  will.  This  shows  that  the  sensory  impulses  cross 
over  to  the  opposite  side  of  the  cord  directly  they  enter 
it,  but  that  motor  impulses  come  down  from  the  brain 
on  the  side  which  they  are  to  affect. 

The  motor  nerve-fibres  also  cross  over,  however,  at 
the  medulla  oblongata.  They  can  be  seen  running  from 
side  to  side  at  that  situation,  forming  what  is  called  the 
decussation  of  the  anterior  pyramids.  Thus,  the  right  half 
of  the  brain  governs  the  left  half  of  the  body,  and  vice  versa. 

The  medulla  oblongata,  as  might  be  judged  from  the 
number  of  principal  nerves  arising  from  it,  is  an  extremely 
important  part  of  the  brain  in  its  relation  to  the  rest  of 
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the  body.  The  cerebrum  may  be  much  mutilated  with- 
out death  ensuing ; but  a comparatively  slight  injury  to 
the  medulla  must  implicate  the  root  of  the  pneumogas- 
tric  nerve,  and  so  stop  the  heart  or  paralyse  the  muscles 
of  respiration. 

Science  has  yet  much  to  learn  respecting  the  work 
and  the  action  of  the  upper  parts  of  the  brain,  especially 
as  regards  the  cerebellum.  This  portion  of  the  brain  is 
held  to  be  the  main  director  of  co-ordinate  movements  ; 
but  what  other  functions  it  may  possess  cannot  be  said 
yet  to  be  certainly  known.  It  is,  however,  certain  that 
the  ce7'ebru?n  is  the  seat  of  all  those  faculties  which 
make  up  what  we  call  the  mind.  An  animal  may  con- 
tinue to  live  a merely  vegetative  existence  when  the 
hemispheres  are  almost  removed ; but  a slight  alteration 
in  their  physical  structure,  the  pressure  upon  them  of  a 
little  piece  of  bone,  or  a small  tumour,  may  disorganise 
the  machine,  and  lay  the  most  towering  mind  in  ruins. 

It  has  already  been  shown  that  volitions  and  sefisa- 
iio?is  belong  to  the  brain.  These  mental  processes  are 
classed  with  thoughts  and  ei?iotio7is  as  states  of  co7iscious- 
7iess.  We  can  neither  think,  nor  feel,  nor  suffer  and 
enjoy,  nor  will  to  act  or  be  still,  without  being  conscious 
of  our  existence.  But  we  cannot  explain  the  fact.  As 
Professor  Huxley  says — “What  consciousness  is,  we 
know  not ; and  how  it  is  that  anything  so  remarkable  as 
a state  of  consciousness  comes  about  as  the  result  of 
irritating  nervous  tissue  is  just  as  unaccountable  as  the 
appearance  of  the  Djin  when  Aladdin  rubbed  his  lamp.” 

Mental  power  is,  to  some  extent,  determined  by  the 
size  of  the  brain.  The  average  weight  of  the  brain  in 
man  is  forty-eight  ounces ; but  in  men  of  great  mental 
ability  this  quantity  has  been  far  exceeded.  The  brain 
of  Cuvier,  the  great  anatomist,  was  found  to  weigh  sixty- 
four  ounces.  That  of  Dr.  Abercrombie  was  sixty-three 
ounces ; and  that  of  Baron  Dupuytren,  the  eminent 
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surgeon,  was  sixty-two  and  a half.  The  hats  of  ten 
gentlemen  were  tried  upon  the  skull  of  the  poet  Burns, 
and  the  only  one  of  the  ten  which  could  cover  it  was  the 
hat  of  Thomas  Carlyle.  Sir  James  Young  Simpson — 
who  began  his  career  as  a baker’s  boy  carrying  a bread 
basket,  and  was  disappointed  in  love  because  he  was  too 
poor  a suitor  for  a working  carpenter’s  daughter,  but 
who  lived  to  discover  chloroform  and  to  write  priceless 
medical  treatises,  and  who  died  a baronet,  a professor  in 
Edinburgh  University,  and  a physician  to  the  Queen, 
and  who  was  followed  to  his  grave  with  mourning  by 
half  the  population  of  the  Scotch  metropolis — had  a brain 
of  fifty-six  ounces.  Lord  Campbell’s  brain  weighed  fifty- 
three  ounces. 

The  number  and  depth  of  the  cerebral  convolutions 
seems,  however,  to  have  more  to  do  with  the  mental  power 
than  the  mere  bulk  has.  The  experienced  anatomists  who 
opened  Sir  James  Simpson’s  head  declared  that  they 
never  before  had  seen  a brain  so  twisted  and  convoluted. 
The  convolutions  are  absent  from  the  brains  of  some  of 
the  lower  orders  of  the  mammalia,  and  increase  in  num- 
ber and  complexity  according  to  the  scale  of  intelligence. 
They  are  more  numerous  in  man  than  in  any  other 
animal,  giving  to  him  a surface  of  grey  matter  six 
hundred  square  inches  in  extent.  There  are  fewer  con- 
volutions in  infants  than  in  adults. 

In  estimating  the  intelligence  of  an  animal  by  the 
bulk  of  its  brain,  it  is  necessary  to  take  into  account  the 
size  of  the  whole  body.  If  actual  instead  of  relative 
weight  were  noted,  we  should  have  to  conclude  that  the 
whale  and  the  elephant  were  mentally  superior  to  man. 
The  brain  of  a whale  seventy-five  feet  long  weighed 
seventy  ounces ; that  of  the  elephant  averages  eight  to 
ten  pounds.  But  the  whole  body  of  these  animals  weighs 
immensely  more  than  that  of  a man  does ; and  it  is 
essential  that  we  take  this  relationship  between  the  weight 
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of  the  organ  and  of  the  entire  frame  into  account.  So, 
also,  women  are  more  slightly  made  and  less  heavy  than 
men,  and  therefore  the  absolute  weight  of  the  female 
brain  averages  about  three  ounces  less  than  the  male. 
When  the  relative  weight  of  body  and  brain  are  calcu- 
lated, the  human  family  are  found  to  be  far  above  all 
other  animals.  In  man,  the  brain  is  to  the  body  in 
weight  as  i to  36  ; in  the  other  mammalia  (animals 
which  have  four  limbs  and  suckle  their  young),  i to 
186  ; in  birds,  i to  212  ; in  reptiles,  i to  1321  ; and  in 
fishes,  I to  5668. 

But  sooner  than  in  any  other  part  of  our  study  do  we 
here  arrive  at  “ the  threshold  of  that  valley  of  humiliation 
into  which  only  the  wisest  and  best  men  can  descend, 
acknowledging  themselves  to  be  but  children  gathering 
pebbles  on  the  shore  of  an  unfathomable  ocean.”  Sooner 
here  even  than  at  all  points,  we  reach  the  limit  of  what 
is  known,  if  not  of  that  which  can  be  known  to  us.  For 
instance,  nobody  can  explain  the  wonderful  phenomena 
of  memory.  That  memory  is  a faculty  possessed  by  the 
brain  is  certain ; for  disease  or  injury  of  the  organ  will 
destroy  the  power  of  recollecting.  But  how  we  hold 
facts  for  years,  and  often  unconsciously,  bound  up  in 
the  folds  of  the  brain  is  practically  a mystery.  The  only 
attempt  at  a theory  (and  it  is  one  to  which  many  obvious 
objections  may  be  raised)  is  that  memory  is  dependent 
upon  the  “ development  of  a group  of  nerve  cells 
and  fibres  constituting  one  connected  system,”  to  use 
Dr.  Carpenter’s  words ; that  is,  that  a special  little  bit  of 
brain  is  built  to  enclose  every  fact  that  we  remember  ! 

Whatever  may  be  thought  of  this  theory,  we  must 
take  into  consideration  the  wonderful  truth  that  it  seems 
almost  as  though  the  mind  never  lost  any  knowledge 
which  it  had  once  acquired,  although  the  power  of  repro- 
ducing the  information  may  be  lost.  The  “ cases  ” in 
medical  history  which  go  to  prove  this  are  very  numerous. 
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A Welshman  was  admitted  into  St.  Thomas’s  Hos- 
pital suffering  from  an  injury  to  the  head.  Before  his 
accident  he  had  forgotten  his  native  tongue  completely ; 
but  while  he  was  in  the  hospital  he  could  speak  nothing 
but  Welsh ; and  again,  as  soon  as  he  recovered,  he  lost 
all  remembrance  of  that  language,  and  returned  to  talking 
English.  Dr.  Rush  mentions  a French  countess  who 
spoke  during  a fever  the  language  of  Lower  Brittany, 
which  she  had  learned  when  young,  but  had  never  used 
for  many  years.  In  one  instance,  a person  who  was 
acquainted  with  several  languages,  forgot  one  of  them 
entirely  after  an  illness,  while  he  remembered  all  the 
others.  Several  cases  are  recorded  in  which  a blow  or  a 
fall  made  men  suddenly  remember  the  dead  languages 
learnt  at  school ; and  on  the  other  hand,  in  more  than 
one  case,  Latin  was  completely  forgotten  for  a time  after 
an  injury,  and  returned  to  the  memory  all  in  a moment. 
Perhaps  the  most  extraordinary  instance  of  the  power 
which  the  brain  has  of  retaining,  though  not  at  will  repro- 
ducing, what  it  has  once  received,  was  that  of  an  unlet- 
tered servant  girl,  who,  upon  her  death-bed,  poured  forth 
a flood  of  words  in  strange  tongues.  The  Greek  and 
Latin  of  “ Fathers  of  the  Church,”  and  scraps  in  Hebrew 
from  ancient  Rabbinical  writings,  fell  alternately  from  her 
lips ; and  the  case  was  set  down  by  the  clergy  as  one  of 
possession.  But  her  previous  history  was  carefully  inves- 
tigated by  a celebrated  writer  on  the  mind,  who  was 
much  interested  in  the  remarkable  occurrence,  and  it  was 
discovered  that  the  girl  had  been  for  some  years  in  the 
service  of  a learned  divine,  who  had  been  in  the  habit  of 
walking  up  and  down  the  passage  that  led  between  his 
study  and  the  kitchen  reading  aloud  to  himself  certain 
parts  of  the  Fathers  and  Rabbinical  writings.  In  this 
case,  the  singular  sounds  had  been  received  unconsciously 
into  the  girl’s  brain,  and  had  remained  there,  without 
any  meaning  attached  to  them,  until  the  diseased  blood 
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producing  delirium  brought  them  forth  on  her  lips  with- 
out her  volition  or  knowledge. 

It  is  a curious  fact,  also,  that  memory  is  often  excel- 
lent in  those  whose  mental  powers  generally  are  very 
inferior.  Dr.  Spurzheim  gives  several  cases  in  one  of 
his  works  of  idiots  who  had  remarkable  memories.  One 
idiot  boy  whom  he  saw  could  repeat  long  passages  from 
the  Bible  after  hearing  them  once  read,  and  without 
understanding  them  in  the  least. 

Education  and  use  of  the  brain  strengthen  it,  and 
increase  its  power : 

“The  brain  is  like  the  hand,  and  grows  with  using.” 

Moreover,  impressions  made  upon  the  mind  in  early  life 
are  both  more  readily  received  and  more  completely 
retained  than  those  impressions  which  come  when  the 
growth  of  the  brain  is  far  advanced.  For  this  reason, 
education  is  begun  early  in  life,  so  that  the  trained  intel- 
lect in  youth  may  be  ready  and  vigorous.  It  is  beyond 
question  that  the  brain  is  stronger  in  adult  life,  and  the 
capacity  for  any  kind  of  employment  is  greater,  when 
education  has  been  carried  on  throughout  childhood. 
To  put  the  same  fact  in  another  way : if  we  could  find 
two  children  born  with  exactly  the  same  natural  capacity 
— the  same  quantity  and  quality  of  brain — and  educated 
one  of  them  from  the  age  of  three  or  four  upwards,  leav- 
ing the  other  to  run  wild  about  the  world ; in  mature  life, 
the  one  who  had  been  to  school  would  not  merely  have 
a head  full  of  facts  of  which  the  other  had  never  heard, 
but  would  likewise  be  a far  better  workman  in  whatever 
they  might  both  undertake,  and  a far  more  worthy  citizen 
of  a free  country,  than  he  who  was  ignorant.  Education 
for  every  child  is,  therefore,  an  object  for  which  it  is 
worth  while  for  us  all  to  make  some  sacrifices. 

There  is,  however,  a serious  danger  for  individuals 
to  be  guarded  against.  In  the  circumstances  in  which 
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we  live,  with  every-day  illustrations  of  the  adage,  “ Know- 
ledge is  power,”  and  with  so  wide-reaching  a system  of 
examinations  and  educational  honours,  there  is  very  often 
more  danger  of  health  being  destroyed  by  over-working 
the  brains  of  the  young,  than  of  their  cultivation  being 
neglected.  The  body  is  developed  before  the  mind. 
Our  muscles,  bones,  and  other  organs  have  attained  their 
full  formation  when  we  are  twenty;  the  brain  continues 
to  grow  a little  up  to  the  age  of  forty.  Moreover,  the 
health  of  the  mind  depends  so  much  on  the  vigour  of  the 
body,  that  it  is  very  mistaken  to  hope  to  have  the  one 
in  a high  state  of  perfection  if  the  other  is  neglected  and 
weak.  Dr.  Elizabeth  Blackwell  wisely  writes  ; — “ The 
guiding  principle  of  health-education  is  to  follow  the 
order  of  nature,  and  place  the  strengthening  of  the 
physical  powers  not  independently  of,  but  in  advance  of, 
the  mental  powers.  If  the  order  is  reversed,  and  the 
immature  mind  be  allowed  to  tyrannise  over  the  imma- 
ture body,  and  disturb  the  proportion  of  nature’s  work 
by  withdrawing  too  much  creative  force  to  the  mind,  < 
the  true  relations  of  mind  and  body  can  never  be 
restored.” 

Sleep  is  a most  important  point  in  the  hygiene  of 
the  brain,  and  at  the  same  time  one  of  the  most  neglected 
and  misunderstood.  Moralists  who  have  drawn  their 
rules  from  their  own  inner  consciousness,  without  being 
guided  by  the  most  elementary  knowledge  of  the  human 
body,  have  done  much  harm  by  decrying  sleep,  and 
teaching  that  it  was  virtuous  to  get  out  of  bed  after  five 
or  six  hours’  rest,  while  the  brain  was  still  muddled  and 
the  eyes  refused  to  open.  This  is  a great  mistake — as 
great  a one  as  the  opposite  lazy  habit  of  lying  snugged 
up  in  bed  after  waking,  or  while  half  awake.  During 
sleep,  it  has  been  observed  in  cases  where  injuries  to  the 
skull  allowed  the  brain  to  protrude,  the  organ  becomes 
almost  white,  the  blood  leaving  it  as  consciousness  sinks 
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to  rest  No  definite  time  can  be  laid  down  for  the 
night’s  rest  of  any  and  every  person,  inasmuch  as  it  is  a 
matter  dependent  upon  constitution  and  habits.  Eight 
hours  is  about  the  time  required  by  most  healthy  adult 
persons ; but  some  find  that  they  need  only  six  or  seven 
hours.  On  the  other  hand,  little  babies  sleep  almost 
constantly,  and  children  require  more  sleep  than  adults. 
In  fine,  the  time  needed  for  sleep  is  as  much  as  can  be 
spent  in  complete  unconsciousness,  and  as  enables  the 
individual  to  rise  from  his  pillow  with  bright  eyes,  a clear 
head,  a decent  temper,  and  good  spirits — in  other  words, 
in  health — neither  self-indulgently  wasting  precious  time 
in  semi-unconsciousness,  nor  falling  into  the  great  mistake 
of  supposing  that  to  take  less  than  enough  sleep  is  a 
praiseworthy  habit.  Sleep  is  the  food  of  the  brain. 

I shall  give  rather  a long  extract  upon  this  point  from 
the  eminent  “ Mad  Doctor,”  the  late  Forbes  Winslow,  be- 
cause it  is  one  upon  which  he  spoke  with  authority : — 
“There  is  no  fact  more  clearly  established  in  the 
physiology  of  man  than  this — that  the  brain  expends 
itself  and  its  energies  during  the  hours  of  wakefulness, 
and  that  these  are  recuperated  during  sleep.  If  the  re- 
cuperation does  not  equal  the  expenditure,  the  brain 
withers — this  is  insanity.  Thus  it  is  that  in  early  Eng- 
lish history  people  who  were  condemned  to  death  by 
being  prevented  from  sleeping  always  died  raving  maniacs ; 
thus  it  is  also  that  those  who  are  starved  to  death  become 
insane — the  brain  is  not  nourished,  and  they  cannot 
sleep.  The  practical  inferences  are  three  : — First,  those 
who  think  most,  who  do  most  brain-work,  require  most 
sleep.  Second,  time  ‘ saved  ’ from  necessary  sleep  is 
infallibly  destructive  to  mind,  body,  and  estate.  Third, 
give  yourselves,  your  children,  servants,  all  who  are  under 
you,  the  fullest  amount  of  sleep  they  can  take.” 

Mental  overwork  often  takes  the  form  of  neglect  of 
sleep ; one  who  wishes  to  master  a subject  begrudges 
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himself  a proper  amount  of  rest.  Many  a man  has 
broken  down  through  making  this  mistake. 

Another  mistaken  habit,  and  one  which  has  to  answer 
for  many  mental  illnesses,  is  that  of  working  without 
periods  of  intermission.  Nearly  all  the  organs  of  the 
body  obey  the  law  of  alternate  exercise  and  repose  : they 
work,  and  then  they  rest.  Of  none  is  this  more  certainly 
the  normal  succession  than  it  is  of  the  brain.  Church- 
hill  truly  wrote  : — 

“ Constant  attention  wears  the  active  mind, 

Blots  out  our  powers,  and  leaves  a blank  behind.” 

And  Solomon  as  truly  : — “ Much  study  is  a weariness  to 
the  flesh.” 

With  wise  attention  to  hygiene,  however,  and  especi- 
ally to  the  law  of  alternate  exercise  and  repose,  mental 
work  is  much  more  healthy  than  many  mechanical  occu- 
pations. Mr.  Madden  found  that  the  average  longevity 
of  twenty  distinguished  natural  philosophers  was  seventy- 
five  years ; of  moral  philosophers,  seventy  years  \ of 
religious  authors,  sixty-seven  years ; and  of  poets,  who 
stand  lowest  on  a long  list,  fifty-seven  years. 

The  number  of  hours  which  may  be  allotted  from  the 
twenty-four  to  study,  varies  as  much  as  the  number  re- 
quired for  sleep.  Comparatively  few  persons  can  with 
any  advantage  work  longer  daily,  month  after  month,  at 
any  deep  and  serious  study,  than  Sir  William  Jones 
advised  lawyers  to  do, 

“ Six  hours  to  law,  to  soothing  slumber  seven, 

Ten  to  the  world  allot,  and  all  to  heaven.” 

Neuralgia,  a distressing  disease  of  the  nerves,  is 
sometimes  relieved  by  dieting  the  sufferer.  Nerve- 
matter  contains  much  fat.  Dr.  Anstie  writes  ; — “ It  has 
several  times  occurred  to  me  to  see  patients  entirely  lose 
neuralgic  pains  which  had  troubled  them  for  a consider- 
able time,  after  the  adoption  of  a simple  alteration  in 
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their  diet,  by  which  the  proportion  of  fatty  ingredients  in 
it  was  considerably  increased.”  Fresh  butter,  cream, 
and  cod-liver  oil,  may,  therefore,  be  hopefully  taken  for 
neuralgia. 

Alcohol  acts  more  directly  and  more  disastrously 
upon  the  brain  than  upon  any  other  organ.  It  congests 
the  brain  with  blood,  and  for  the  time  greatly  increases 
the  mental  activity ; but  its  use  is  followed  by  extreme 
collapse.  Spirituous  liquors  “ alter  the  rate  of  going  for 
a while,  and  at  last  spoil  the  machine.”  Those  who  use 
them  to  aid  their  working  power  are  taking  the  first  steps 
towards  intellectual  suicide.  The  habit  once  commenced 
is  fatal,  because  it  soon  becomes  impossible  for  the 
unfortunate  victim  to  work  without  stimulus,  and  an 
increase  of  dose  is  required  each  time  to  produce  the 
same  effect.  The  only  way  to  secure  oneself  against  the 
ruin  which  has  overtaken  so  many  bright  spirits,  the 
slavery  which  has  enthralled  so  many  strong  minds,  the 
fall  which  has  shattered  so  many  nervous  systems  and 
destroyed  so  many  careers,  is  to  beware  of  the  first  steps 
upon  the  dangerous  path. 
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THE  MUSCLES  AND  THEIR  WORK. 

The  most  ample  provision  is  made  for  the  protection 
of  the  several  delicate  vital  organs  described  in  the  pre- 
ceding chapters.  The  most  easily  injured,  such  as  the 
brain  and  the  lungs,  are  enclosed  within  a complete  case 
of  bone ; and  all  are  covered  with  masses  of  muscle,  and 
padded  about  with  fat. 

But  the  bones  and  muscles  have  another  office  than 
this  one  of  protection.  They  are  the  organs  of  motion 
and  locomotion.  By  their  action  we  move  our  limbs,  or 
transport  the  entire  body  from  one  place  to  another. 
The  bones  form  a system  of  levers,  upon  which  the 
muscles  act. 

It  must  be  noted  that  there  are  forms  of  vital  move- 
ment not  connected  with  the  muscles.  The  changes  in 
shape  of  the  white  corpuscles  by  their  own  inherent  vital 
power  have  been  already  (p.  21)  described.  Ciliary 
motion  is  another  and  very  interesting  form  of  vital,  but 
not  muscular,  movement. 

Frequent  reference  has  been  made  in  previous 
chapters  (especially  in  that  on  glands)  to  the  tiny  little 
bodies  called  epithelium  cells^  which  line  all  the  cavities 
of  the  body.  Epithelium  is  divided  into  four  classes, 
according  to  its  shape;  viz.,  tesselated  (or  pavement), 
sphe7'oidal  (or  round),  cylindrical  (or  column-like),  and 
ciliated.  The  last-named  variety  has  growing  out  of  the 
top  of  each  cell  a number  of  minute  filaments,  like  very 
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fine  hairs  (Fig.  27).  These  are  called  cilia  (from  the 
Latin  word  for  the  eye-lashes),  and  hence  the  epithelium 
upon  which  they  appear  is  named  ciliated,  although  in 
shape  it  generally  resembles  the  cylindrical  kind. 

Now,  when  a piece  of  ciliated  epithelium  is  taken 
from  an  animal  that  has  not  long  been  dead,  and 
moistened,  and  then  placed  under  the  microscope,  the 


A B 


Fig.  27. — Cilia.* 

A,  portion  of  ciliated  epithelium  from  the  lungs,  magnified  350  times,  a,  Elastic 
fibres  of  bronchial  tube  ; b,  basement  membrane  ; c,  deepest  layer  of  cells ; 
d,  intermediate  layer  of  cells,  more  elongated  ; e,  fully  developed  cylindrical 
cells,  with  cilia  along  their  tops.  B shows  two  ciliated  epithelial  cells 
detached. 

cilia  are  seen  to  be  in  a state  of  unceasing  motion, 
waving  backwards  and  forwards,  and  rising  and  falling 
like  a field  of  corn  beneath  a gentle  summer  wind.  The 
force  with  which  they  bend  in  one  direction,  however, 
is  greater  than  that  which  they  exercise  in  the  opposite 
direction,  as  can  be  seen  by  placing  a tiny  bit  of  cork  on 
one  end  of  a piece  of  moist  epithelium,  when  the  waves 
of  the  cilia  will  pass  the  cork,  by  slow  degrees,  along  to 
the  other  end.  Thus,  ciliated  epithelium  probably  exists 
in  the  cavities  in  which  it  is  found,  to  act  as  a kind  of 
natural  sweeper.  This  epithelium  lines  the  whole  of  the 


* From  Kolliker. 
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mucous  membrane  of  the  respiratory  tract,  including  the 
nose ; it  is  found  also  in  the  ventricles  of  the  brain.  In 
the  first  of  these  situations  its  use  is  clear ; its  current, 
so  to  speak,  runs  outwards,  and  the  passage  of  mucus  or 
particles  of  dust,  etc.,  towards  the  outside  is  thus  facilitated. 
Perhaps,  also,  it  aids  in  the  gaseous  interchange  always 
going  on  in  the  lungs. 

As  to  what  really  causes,  or  what  circumstances  con- 
trol, the  movements  of  the  cilia,  we  have  not  the  least 
knowledge.  To  say  that  it  is  a manifestation  of  vital 
force  is  only  one  way  of  confessing  that  we  do  not  com- 
prehend it ; yet  this  is  all  we  can  say.  But  of  how  many 
facts  is  this  true  likewise ! Man’s  knowledge  of  nature, 
great  and  full  of  interest  as  it  is,  is  yet  soon  bounded  by 
his  ignorance.  We  are  upon  a little  island  of  truth, 
surrounded  by  a quicksand  of  conjecture,  and  limited  by 
an  ocean  of  incomprehensibility.  Year  by  year,  science 
adds  a portion  of  the  quicksand  to  the  dry  land,  and 
claims  a little  more  space  from  beneath  the  dense  waters ; 
but  still  the  ocean  reaches  far  beyond,  and  still  the 
difficulty  of  lowering  its  high-water  mark  becomes  greater 
for  every  labourer,  while  in  its  depths  not  far  from  shore 
there  probably  rest  marvels  that  no  imagination  has  yet 
even  suspected. 

When  we  come  to  the  consideration  of  any  “ ultimate 
fact  ” in  nature,  we  cannot  do  anything  but  wonder  and 
admire.  It  is  no  more  a possibility  to  finally  understand 
muscular  movement  than  it  is  ciliary  movement ; but  in 
the  case  of  muscles,  the  difficulty  is  a step  farther 
removed,  because  their  action  is  controlled  by  the  nervous 
system. 

Muscle  is  that  red  firm  substance  which  makes  up 
the  flesh  of  animals,  the  lean  of  meat.  The  bones  are 
everywhere  covered  and  the  cavities  are  everywhere  filled 
up  by  muscle,  which  gives  to  the  form  its  roundness  and 
beauty.  The  peculiar  power  of  muscle  has  already  been 
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several  times  mentioned.  It  is  that  of  contraction ; of 
becoming  thicker,  and  shortening  in  proportion,  under 
the  influence  of  the  nervous  system.  You  will  remember 
that  it  has  been  seen  that  all  general  movement,  either 
of  an  organ  or  of  the  whole  body,  is  the  result  of 
muscular  contraction ; and  that  some  muscles  are  not 
under  the  control  of  the  will,  while  others  do  obey  the 
direct  orders  of  the  brain. 

When  the  substance  of  muscle  is  divided  as  far  as 
possible  and  examined  with  the  microscope,  there  are 
found  to  be  certain  differences  in  minute  structure  be- 
tween voluntary  and  involuntary  muscles. 

If  an  orange  be  cut  through  the  centre,  very  little 
idea  of  its  construction  can  be  obtained  by  looking  at 
it ; and  in  just  the  same  manner  we  are  unable  to  see 
the  beautiful  structure  of  muscle  in  the  meat  which  is 
cut  at  table.  But  if  we  peel  an  orange,  and  split  it  down 
the  centre,  we  see  that  it  is  made  up  of  a number  of 
sections,  each  of  which  is  enclosed  in  a fine  skin ; and  if 
this  envelope  be  stripped  off,  each  section  is  found  to 
be  formed  of  numerous  bundles  of  very  delicate  fibres, 
each  bundle  being  fastened  together  by  encasement  in 
an  exceedingly  thin  membrane.  If  you  do  not  happen 

to  remember  all  this,  you  should  get  an  orange  and 

inspect  it.  For  a human  being’s  muscles  singularly 
resemble  this  arrangement  of  an  orange.  If  a man 

were  stripped  of  his  outer  skin,  the  muscles  would 

be  seen  just  as  regularly  disposed  (though,  of  course, 
in  a different  form),  and  each  one  as  cleanly  enclosed 
in  its  own  membranous  sheath,  as  the  segments  of  the 
orange. 

Muscles  are  of  various  shapes,  according  to  the 
position  in  which  they  are  placed.  In  the  limbs,  they 
are  mostly  long,  and  more  or  less  broad.  Some  are  flat 
and  spread  out,  some  shaped  like  a pine-leaf  or  a fan, 
and  some  look  exactly  like  a quill  pen,  with  feathers 
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standing  out  from  one  or  both  sides.  In  every  part  the 
shape  is  most  beautifully  suitable  for  the  purpose  to  be 
served. 

When  the  enveloping  sheath  is  taken  off  any  muscle,  it 
is  seen  that  the  muscle  consists,  like  the  segment  of  orange, 
of  a number  of  bundles  of  fibres,  each  enclosed  in  a fine 
membrane.  On  further  inspection,  it  is  discovered  that 
each  of  these  large  bundles  is  composed  of  a number  of 
smaller  bundles.  These  latter  bundles  are  made  up  of 
ultimate  muscular  fibres. 

Viewed  under  the  microscope,  these  ultimate  fibres 
are  often  seen  to  be  marked  by  stripes  running  both 
round  and  along  them.  The  fibres  can  be  separated  into 
fibrillse  in  the  course  of  the  longitudinal  markings,  and 
into  discs  at  the  crossway  stripes.  Fibres  which  can  be 

thus  treated  are  under  the 
control  of  the  will.  Invol- 
untary fibres,  such  as  those 
of  the  stomach  and  in- 
testines, have  no  stripings, 
and  will  not  break  up  into 
fibrillae.  The  heart  is  the 
solitary  exception  to  this  rule ; though  its  action  is  not 
voluntary,  its  fibres  are  faintly  striated. 

When  a muscle  contracts,  every  one  of  the  ultimate 
fibres  becomes  thicker  and  shorter  on  its  own  account, 
and  by  the  united  action  of  them  all  under  the  control 
of  the  nerve-centres  the  general  effect  is  produced. 

Now,  how  are  the  muscles  fastened  to  the  bones? 
In  the  front  of  the  wrist  of  a person  who  is  not  stout  can 
be  seen  two  slender  cords.  If  one  of  these  be  traced  up 
the  arm,  it  can  be  felt  to  gradually  flatten  out  into  a 
thick  soft  mass — the  muscle.  These  cords  are  the 
tendons.,  which  extend  from  the  muscles  to  the  bones 
where  the  contracting  power  is  to  be  fixed. 

* From  Tod  and  Bowman’s  Physiology,  by  kind  permission. 


Fig.  28.* — Muscular  fibres  torn  across  ; 
the  enveloping  sheath  of  membrane 
(the  sarcolemma)  remains  untorn. 
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You  can  readily  see  what  happens  when  a muscle, 
attached  by  its  tendon  to  a bone,  becomes  thicker  and 
shorter.  The  shortening  of  the  muscle  necessarily  pulls 
up  the  tendon,  and  this  moves  the  bone.  A little  further 
explanation  will  be  given  after  we  have,  in  the  next  chap- 
ter, studied  the  joints  and  ligaments  of  the  bones. 

Voice  and  speech  result  from  muscular  action.  At 
the  top  of  the  windpipe  four  cartilages  of  peculiar  shape 
are  so  arranged  as  to  form  a kind  of  box.  What  is 
called  “ Adam’s  Apple  ” in  the  throat  is  really  the  pro- 
jection of  the  largest  of  these  cartilages.  The  proper 
name  of  the  voice-box  is  the  laryfix. 

Two  fleshy  bands,  called  the  vocal  cords,  run  across 
from  side  to  side  of  the  voice-box.  While  these  hang 
slackly  no  sound  is  produced ; this  is  why  we  breathe 
without  making  any  noise.  But  when  a number  of 
muscles  which  are  attached  to  the  cartilages  contract,  so 
as  to  pull  the  vocal  cords  tense,  and  to  stretch  them 
exactly  parallel  with  each  other,  then  the  air  passing 
over  them  causes  them  to  vibrate,  and  voice  is  pro- 
duced. The  higher  the  note,  the  more  tense  the  vocal 
cords  are  drawn. 

Speech  is  articulate  sound ; quite  a different  thing 
from  voice.  The  so-called  dumb  animals  have  voice ; 
but  man  alone  has  articulate  speech.  Words  are  formed 
by  the  aid  of  the  tongue,  teeth,  and  lips  \ some  articulate 
sounds  being  chiefly  pronounced  by  one  of  these  parts, 
others  by  another.  Thus,  when  the  tongue  is  lost — as 
when  it  has  been  amputated  for  cancer — the  power  of 
speaking  is  only  impaired,  not  lost ; those  letters,  in  the 
pronunciation  of  which  the  tip  of  the  tongue  is  concerned, 
are  turned  into  others,  but  the  speech  is  still  as  intel- 
ligible as  that  of  a little  baby  learning  to  talk. 

Exercise  is  demanded  for  the  health  of  the  whole 
body,  but  of  the  muscles  most  of  all.  The  red  colour  of 
muscles  is  chiefly  caused  by  the  great  quantity  of  blood 
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circulating  in  them.  Very  large  vessels  send  their 
branches  into  the  muscles,  and  the  capillaries  are  so 
arranged  that  the  blood  pours  through  them  with  especial 
readiness. 

This  great  blood-supply  is  furnished  to  the  muscles 
on  the  assumption  that  they  will  be  properly  used. 
When  they  remain  inactive  they  do  not  require — indeed 
they  cannot  use — this  quantity  of  blood.  Instead  of  its 
oxygen  being  burnt  up,  and  its  other  life-giving  elements 
drawn  out  to  supply  the  waste  of  substance  which  always 
results  from  work,  only  a small  portion  of  the  blood  is 
used  by  a lazy  muscle.  The  internal  organs,  which  are 
always  more  or  less  constantly  at  work,  attract  this  sur- 
plus blood  to  them  by  their  activity,  and  become  con- 
gested and  overloaded  with  it.  One  room  of  the  house 
is  kept  shut  up,  and,  since  there  are  people  enough  to 
comfortably  fill  the  whole,  the  other  rooms  must  be  un- 
healthily and  unpleasantly  crowded. 

In  this  way  neglect  of  muscular  exercise  directly 
injures  the  whole  of  the  body.  It  does  this  also  by 
depriving  the  various  organs  of  the  stimulus  that  they 
should  receive  from  general  movement.  The  skin 
and  the  lungs  act  much  more  freely  and  readily  during 
and  after  exercise.  The  circulation  is  aided  too.  Not 
only  does  the  heart  act  more  energetically,  but  the  pres- 
sure of  the  muscles  upon  the  veins  directly  assists  the 
progress  of  the  blood. 

The  necessity  of  exercise  for  the  health  of  the 
muscles  themselves  is  more  obvious,  and  better  ap- 
preciated by  everybody.  We  all  know  that  muscles 
which  are  much  used  are  greatly  increased  in  size  and 
strength  thereby.  The  blacksmith  has  “ muscles  in  his 
brawny  arms,  as  strong  as  iron  bands.”  Trumpeters 
have  the  buccuiator  muscle  in  the  cheek,  which  they  use 
in  blowing,  much  larger  than  other  people.  These  in- 
stances are  typical  of  the  whole  body.  All  the  muscles 
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of  indolent  persons,  or  those  who  follow  sedentary  occu- 
pations, are  soft  and  flabby.  When  such  muscle  is 
examined  under  the  microscope,  it  is  found  to  have 
undergone  more  or  less  change  of  structure  ; the  fibres 
have  become  irregular  and  indistinct,  tending  to  the 
entire  loss  of  their  special  power,  and  to  degeneration  of 
the  tissue  into  fat.  On  the  other  hand,  when  the  body 
has  been  actively  employed,  the  muscular  structure  is  well 
defined,  and  every  muscle  is  firm,  red,  and  well  shaped. 

These  scientific  facts  give  the  reason  why  a certain 
amount  of  bodily  exertion  is  essential  to  health.  Brisk 
and  energetic  walking  sets  in  motion  a great  number  of 
muscles,  and  is  an  excellent  form  of  exercise.  It  is  well 
when  those  who  have  to  sit  in  workrooms  and  offices  all 
day  have  their  homes  so  situated  that  they  viust  walk  for 
a quarter  of  an  hour  or  more  night  and  morning.  A 
short  brisk  walk  will  be  more  beneficial  than  a long 
languid  one.  Dumb-bell  and  other  indoor  gymnastic 
exercises  are  good ; but  they  are  not  equal  in  value  to 
games  played  in  the  open  air. 

Growing  muscles  especially  demand  use  for  their 
healthy  development.  Schoolboys  commonly  get  quite 
exercise  enough ; but  girls  do  not,  and  no  reform  is  so 
much  needed  in  their  education  as  the  introduction  of 
regular  physical  training.  Girls  need  strengthening  for 
their  duties  in  after-life  every  whit  as  much  as  boys. 
“ We  need,”  as  Dr.  Elizabeth  Blackwell  writes,  “ strong 
arms  that  can  cradle  a healthy  child,  and  hold  it  crowing 
in  the  air ; backs  that  will  not  break  under  the  burden 
of  household  cares ; a frame  that  is  not  exhausted  and 
weakened  by  the  round  of  daily  duties.”  To  secure  this 
necessary  robust  health,  proper  training  of  the  muscles  by 
vigorous  use  is  required.  Girls  at  boarding-schools  should 
be  encouraged  to  play  lawn-tennis,  and  other  games  in- 
volving running.  The  fact  that  their  exercise  is  often 
confined  to  a doleful  walk  in  procession,  and  a stroll 
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round  the  paths  of  a garden,  must  be  held  to  account  for 
much  ill-health  among  grown  women. 

In  connection  with  this  subject  of  neglect  of  health 
in  education,  another  point  may  be  mentioned.  There 
is  a deformity  to  which  the  inhabitants  of  hilly  towns  are 
especially  subject,  and  which  consists  in  a loss  of  the 
arched  form  of  the  foot,  so  that  the  elasticity  of  the  gait 
disappears,  and  the  body  jolts  with  every  step.  Mr. 
Skey  says  ; — “ I saw  the  daughter  of  a gentleman  who 
had  just  returned  from  a finishing  school.  This  de- 
formity had  made  some  progress  in  both  feet.  Without 
making  any  other  inquiry,  I said,  ‘ I congratulate  you  on 
having  obtained  the  prize  at  school  for  dancing.’  She 
looked  up  in  surprise,  and  inquired  how  I had  obtained 
knowledge  of  the  fact.  The  main  fact  I knew  from  the 
form  of  the  foot.”  This  deformity  is  not  the  result  of 
the  dancing,  which  is,  in  itself,  a healthful  exercise.  It 
results  from  the  excessive  “ turning  out  the  toes  ” which 
the  dancing-master  requires.  “ Nature  designed  the  foot 
to  be  so  far  only  everted  from  its  fellow  that  the  toes 
might  be  kept  from  collision  in  the  act  of  walking ; but 
the  dancing-master,  more  learned  in  his  vocation,  re- 
quires this  angle  to  be  largely  increased,  and  the  conse- 
quence is  that  we  observe  in  all  students  of  this  noble 
art  a distortion  of  the  foot  proportioned  to  their  observ- 
ance of  its  rules.” 

Such  a fact  as  this  suggests  the  desirability  of  gym- 
nastic exercises  being  carried  on  upon  definite  scientific 
principles.  To  be  really  useful,  drill  movements  must  be 
founded  upon  physiology.  If  muscles  and  ligaments  are 
twisted  or  strained  in  the  wrong  direction,  they -will  be 
injured  instead  of  benefited.  A complete  system  of 
gymnastics,  intended  to  put  in  use  and  make  obedient 
to  the  will  every  voluntary  muscle  of  the  body,  has  been 
designed  by  a Swedish  gentleman  named  Ling,  and 
adopted  in  the  schools  of  his  country. 
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A word  of  caution  is  necessary  against  over-exercise. 
Professional  trainers  know  that  when  men  are  very 
anxious  to  win  in  some  athletic  contest,  there  is  great 
danger  that  they  will  overdo  themselves  in  preparation 
for  it.  A certain  amount  of  exercise,  the  proper  quan- 
tity varying  for  different  individuals,  must  be  taken  every 
day.  But  if  the  proper  limit  of  such  exertion  is  exceeded, 
the  man  grows  daily  weaker,  instead  of  stronger.  He 
“ trains  off,”  as  it  is  called.  The  muscles  can  be  gradu- 
ally brought  to  bear  great  fatigue  ; but  to  suddenly  com- 
mence violent  and  long-continued  physical  exercises  is 
highly  injudicious.  For  example,  it  is  very  unwise  for 
any  one  who  is  not  in  the  habit  of  walking  long  distances 
to  go  upon  a pedestrian  tour  for  his  holiday  with  the 
intention  of  covering  as  much  ground  daily  as  he  pos- 
sibly can ; he  should  confine  himself  to  distances  which 
he  can  accomplish  without  great  fatigue.  Error  in  this 
respect  will  probably  produce  physical  exhaustion  which 
will  more  than  counterbalance  the  gain  from  a full  sup- 
ply of  ozone,  change  of  scene,  and  freedom  from  business 
routine. 

Sprain  consists  of  a stretching,  or  perhaps  partial 
tearing,  of  a tendon  or  ligament.  Perfect  rest  is  the 
treatment  for  it.  If  there  is  swelling  and  puffiness,  with 
great  tenderness,  a cold-water  bandage  may  be  applied, 
after  the  part  has  been  gently  rubbed  with  tincture  of 
arnica.  This  tincture  (which  is  not,  as  often  supposed, 
an  homoeopathic  drug  only,  but  is  in  the  pharmacopoeia, 
and  may  be  bought  from  any  good  chemist’s  shop)  ap- 
pears to  have  a peculiarly  sedative  effect  upon  injured 
muscular  tissue,  and  may  be  applied  to  bruises  also  with 
advantage. 


CHAPTER  XV. 

THE  BONY  FRAMEWORK. 

We  have  now  to  consider  the  bones — which  form,  as  it 
were,  the  foundation  upon  which  the  structure  of  the 
body  is  erected — both  in  their  relation  to  the  soft  parts, 
and  as  a system  of  levers. 

Bone  is  composed  of  gelatine,  hardened  by  earthy 
salts — lime,  magnesia,  and  soda.  The  lime  can  be  dis- 
solved out  of  a bone  by  laying  it  for  a considerable  time 
in  a mixture  of  two  ounces  of  spirits  of  salt  and  two- 
thirds  of  a pint  of  water.  The  bone  thus  becomes  so 
soft  that  it  can  be  twisted  in  any  manner.  The  old 
cottage  ornament  of  an  egg  in  a narrow-mouthed  bottle 
was  prepared  in  this  way;  the  egg-shell  becomes  soft 
and  flexible,  just  as  the  bones  do,  when  the  lime  is 
removed  by  the  action  of  the  acid. 

In  adults,  gelatine  forms  one-fourth  of  bone ; in 
children  it  composes  one-half,  and  in  old  people  only 
one-eighth.  The  consequence  of  this  excess  of  earthy 
matter  in  old  people  is  that  the  bones  become  brittle 
and  easily  break ; while  it  results  from  the  deficiency  of 
the  salts  in  children  that  their  bones  are  weak,  and  a 
fracture  to  them  is  of  comparatively  small  importance, 
mending  very  readily.  This  natural  softness  of  the 
bone,  however,  makes  children  very  liable  to  deformity 
if  they  are  kept  in  cramped  positions,  or  put  to  work  too 
early.  Half  a century  ago,  before  the  first  Factory  Act 
was  made  by  Parliament,  infants  of  six  and  seven  years 
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of  age  were  compelled  to  work  in  the  mills  for  sixteen 
hours  a day ; and  the  soft  bones  of  these  poor  little 
creatures,  for  whom  Mrs.  Browning  wrote  “ The  Cry  of 
the  Children,”  were  distorted  in  the  most  terrible  man- 
ner. A similar  evil  may  be  produced  by  putting  babies 
upon  their  feet  too  early.  When  young  children  are 
not  given  good  food,  or  when  either  digestion  is  imper- 
fect, or  the  absorption  of  the  chyle  is  prevented  by  scro- 
fula or  other  causes,  the  bones  become  very  soft,  and 
bend,  because  there  is  not  enough  lime  supplied  to  them 
by  the  blood.  This  is  the  disease  called  rickets. 

The  minute  structure  of  bone,  as  seen  under  the 
microscope,  is  very  beautiful.  The  large  spaces  seen  in 
Fig.  29  A are  shown  in  B to  be  small  branching  and  inter- 
lacing canals.  These  are  the  Haversian  canals.,  and  in 
them  blood-vessels  run  through  the  bone.  The  outer 
surface  of  bone  is  covered  by  a tough  membrane,  called 
the  periosteiwi.  The  Haversian  canals  all  open,  sooner 
or  later,  upon  the  surface  of  the  bone,  and  the  perios- 
teum descends  into  their  openings,  while  the  blood-ves- 
sels of  bone  and  membrane  become  continuous.  The 
other  ends  of  the  canals  open  into  the  marrow  which 
runs  down  the  centre  of  hollow  bones. 

The  dark  patches  arranged  in  rings  around  each 
Haversian  canal  are  spaces,  called  lacimcB ; and  the  fine 
lines  running  between  these  are  exceedingly  minute  tubes, 
called  canaliculi,  through  which  one  lacuna  is  placed  in 
communication  with  another.  By  means  of  this  delicate 
arrangement  the  blood  permeates  the  whole  of  the  firm 
tissue  of  bone,  and  nutriment  is  carried  on. 

There  are  about  two  hundred  distinct  bones  in  the 
human  body.  The  number  is  greater  in  children  than 
in  adults,  because  many  bones  which  are  separate  to  per- 
mit growth  in  childhood  consolidate,  or  join  to  make 
one,  when  the  full  size  is  attained.  For  instance,  the 
backbone  is  at  first  composed  of  thirty-three  distinct 
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small  bones,  called  ve7leb7'(B.  In  adults,  only  the  top 
twenty-four  of  these  remain  separate  ; the  rest  unite  into 
a solid  mass. 

Twenty-four  ribs — twelve  on  each  side — run  round 


Fig.  29.* 


A,  a transverse  section  of  bone,  magnified  250  diameters  ; a,  Haversian  canals  ; 
b,  Lacunae;  c,  Canaliculi.  B,  longitudinal  section  of  bone,  magnified  about 
one  hundred  times.  References  as  in  A. 

from  the  vertebral  column  to  the  breast-bone,  or  ste7'7iu77i. 
The  top  seven  are  called  the  t7'ue  7'ibs,  and  are  fastened 
directly  on  to  the  sternum  itself.  The  remaining  five 
are  the  false  ribs.,  the  upper  three  of  which  are  attached 
to  the  end  of  the  seventh  rib  by  a piece  of  cartilage  (or 
gristle),  while  the  last  two  are  left  quite  free  in  front,  and 
called  the  floathig  ribs. 

* After  Kblliker  (reduced). 
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The  shoulder-blade  rests  upon  the  ribs  behind,  and 
the  collar-bone  arches  above  them,  with  its  one  end 
fastened  to  the  breast-bone,  and  its  other  to  the  shoulder- 
blade,  upon  which,  likewise,  the  top  bone  of  the  arm  is 
fastened.  The  anatomical  name  of  the  shoulder-blade 
is  the  scapula.,  and  that  of  the  collar-bone,  the  clavicle. 

At  the  bottom  of  the  spine  the  hip-bone  and  some 
others  are  so  joined  together  as  to  form  the  basin,  or 
pelvis. 

There  is  one  long  bone  {femur.,  or  thigh-bone)  in  the 
top  of  thq  leg,  and  two  (the  tibia  and  the  fibula)  from 
the  knee  to  the  foot.  Three  bones  similarly  arranged 
(the  top  one  being  called  the  humerus,  and  the  lower 
two,  the  radius  and  the  ulna  respectively)  form  the  arm. 
The  wrist-bones  (or  carpus)  are  eight  in  number,  and 
there  are  seven  corresponding  (tarsal)  bones  in  the  foot. 
The  finger-bones  receive  the  same  anatomical  name 
(^phalanges)  as  the  toe-bones.  The  palm  of  the  hand 
contains  the  metacarpal  bones,  and  the  centre  of  the 
foot,  the  metatai'sus. 

The  skull  is  composed  of  eight  principal  bones  firmly 
jointed  together.  Those  who  have  a little  baby  at  home 
can  verify  for  themselves  what  was  just  said  here  about 
the  separation  in  children  between  bones  which  are  solid 
in  adults.  If  they  feel  the  baby’s  head  very  gently  and 
tenderly,  they  will  find  that  along  the  middle,  where  the 
parting  is  made  in  a girl’s  hair,  there  are  the  jagged 
edges  of  two  bones,  as  well  as  a soft  space  under  which 
no  bone  at  all  can  be  felt.  This  provision  enables  the 
bone  to  grow ; when  the  baby’s  head  has  got  nearly 
broad  enough,  the  saw-like  edges  will  fit  into  one 
another,  and  become  solidly  joined.  Until  this  happens, 
of  course  the  head  must  be  treated  with  great  gentleness. 

The  bones  are  fastened  together  by  caidilage,  or 
gristle.  Where  two  bones  are  attached  to  each  other  is 
called  a joint,  or  articulation. 
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Joints  may  all  be  classed  as  either  perfect  or  impe7fect. 
The  latter  are  those  in  which  the  bones  are  connected 
together  by  plates  of  cartilage,  and  have  only  so  much 
movement  as  the  flexibility  of  the  joining  substance  will 
permit.  For  example,  the  vertebrae  which  make  up  the 
spine  are  separated  one  from  another  by  thick  plates  of 
elastic  cartilage,  which  give  springiness  and  mobility  to 
the  column,  but  do  not  admit  of  much  movement  be- 
tween the  individual  bones.  The  elasticity  of  these 
plates  of  cartilage  is  so  great,  however,  that  we  are 
actually  about  half  an  inch  shorter  when  we  go  to  bed 
than  we  were  when  we  got  up  in  the  morning,  by  reason 
of  their  flattening  out  under  the  weight  of  the  erect 
position. 

Perfect  joints  are  those  which  have  smooth  surfaces 
to  play  upon  each  other.  These  are  of  three  kinds. 
There  are  ball-and-socket  joints,  in  which  the  round  head 
of  one  bone  fits  into  a cup  hollowed  out  for  it  in  the 
other ; the  shoulder  and  the  hip  are  instances  of  this 
form.  Then  there  are  hinge-joints^  resembling,  in  the 
way  in  which  they  move,  the  hinge  of  an  ordinary  door ; 
the  elbow  is  articulated  after  this  fashion.  Finally,  there 
are  pivot  joints^  in  which  the  one  bone  works  round  a 
peg  furnished  by  the  other ; the  head  turns  upon  the 
spine  by  means  of  this  arrangement. 

In  perfect  joints  the  two  bones  are  held  together  by 
tough,  strong,  fibrous  bands ; these  are  the  ligaments. 
Further,  in  all  joints  of  this  class,  the  surfaces  which 
touch  each  other  are  covered  by  a layer  of  cartilage  : 
and  lining  that  cartilage,  so  as  to  interpose  between  the 
bones,  is  a fine  membrane,  called  synovial  membrane^ 
because  it  secretes  a fluid  to  which  the  name  of  synovia 
is  given,  and  which  serves  to  lubricate,  or  oil,  the  joint. 

The  bones  thus  fastened  to  each  other  move  upon 
one  another  according  to  definite  mechanical  principles  ; 
they  form,  in  conjunction  with  the  muscles,  a system  of 
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levers  in  the  body.  A 
lever  is  made  by  a rigid 
bar  (such  as  a long  bone) 
with  some  part  of  it 
fixed  (as  the  joint  fixes 
part  of  abone),aweight 
to  be  moved  at  some 
other  point, and  a power 
to  be  applied  at  a third 
place  (the  muscles  be- 
ing the  power  in  the 
body)  by  which  the 
weight  or  resistance  is 
moved  upon  the  sup- 
port given  by  the  fixed 
point.  Thus,  in  stir- 
ring the  fire,  a lever  is 
brought  into  play. 

The  poker  is  fixed  on 
the  bar,  one  of  its  ends 
is  placed  under  the  coal 
that  is  to  be  lifted, 
and  the  hand  of  the  fire- 
mender  applies  force 
at  the  other  end.  The 
fixed  point  is  called 
the  fulcrum;  that 
which  has  to  be  mov- 
ed is  the  weight  or  re- 
sistance; and  the  mov- 
ing force  is  the  power. 

Mechanicians  recog- 
nise three  orders  of 
levers,  according  to  the 

relative  positions  of  the  power,  fulcrum,  and  weight,  as 
follows  : — 


N 
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Order  i.  W.  F.  P. 

„ 2.  F.  W.  P. 

» 3-  F.  P.  W. 

Poking  the  fire,  as  described  above,  is  an  instance 
of  a lever  of  the  fij'st  order — i.e.  where  the  fulcrum  is 
between  the  power  and  the  weight ; an  instance  of  this 


in  the  human  body  is  raising  the  trunk  to  the  erect 
posture,  after  stooping  from  the  hips. 

Lifting  the  handles  of  a wheel-barrow  is  an  example 
of  a lever  of  the  second  order,  in  which  the  power  is  at 
one  end,  the  fixed  point  at  the  other,  and  the  weight 
between.  In  the  body,  opening  the  mouth  by  pulling 
down  the  lower  jaw,  is  an  illustration  of  the  second  order 
of  levers  (Figs.  32  and  33). 

When  a washerwoman  lifts  a prop  away  from  the 
line,  she  generally  exhibits  the  action  of  a lever  of  a 
third  order;  the  fulcrum  being  the  point  which  rests 
upon  the  ground,  the  weight  the  top  of  the  prop,  and 
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the  hand  which  grasps  between  these  places  the  power. 
In  the  body,  lifting  the 
hand  up  to  the  shoulder 
is  an  illustration  of  the 
third  order  of  levers. 

Dislocation.^  or,  as  it 
is  called  in  common  lan- 
guage, “ putting  the 
joint  out,”  is  among  the 
most  common  of  acci- 
dents. Dislocation  con- 
sists in  pushing  one  bone 
of  an  articulation  away 
from  its  union  with  the 
other.  In  the  case  of 
the  larger  joints,  such 
as  the  hips,  the  diffi- 
culty of  “ reducing  ” a dislocation  is  enormous,  owing  to 
the  force  with  which  the  great  muscles  attached  to  the 
bone  contract  when 
an  attempt  is  made 
to  pull  it  back  into 
its  proper  place.  The 
practical  point,  and 
the  reason  for  which 
I mention  the  subject 
here,  is  that  the 
longer  a dislocation 
is  allowed  to  remain 


34- — A Lever  of  the  Third  Order. 


Pis-  35- — A Lever  of  the  Third  Order. 


unreduced  the  more  difficult  it  becomes  to  treat.  Fibrous 
adhesions  form  around  the  misplaced  end  of  the  bone, 
fixing  it  out  of  position.  Therefore,  even  a finger  joint 
“ put  out,”  and  still  more,  one  of  the  larger  joints,  as  the 
elbow,  should  be  seen  by  a good  surgeon  without  a day’s 
delay. 

Fracture  is  breaking  of  the  bone.  The  great  point 
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to  be  looked  to  in  the  removal  of  a person  who  has  sus- 
tained a fracture  is  that  he  be  lifted  about  so  carefully 
as  not  to  force  the  bone  through  the  skin.  The  jagged 
ends  of  the  broken  bone  are  easily  pushed  through  the 
flesh  by  incautious  handling,  and  this  occurrence  greatly 
increases  the  seriousness  of  the  accident. 

The  structure  of  the  bony  foundation  of  the  trunk 
shows  the  danger  of  compression  of  the  waist.  Tight 
belts,  strings,  or  stays  must  necessarily  press  upon  and 
injure  the  delicate,  soft  organs  of  the  abdomen.  Stays 
in  themselves,  if  neither  long  nor  thickly  whaleboned,  are 
not  only  harmless,  but  even  useful,  so  long  as  women’s  gar- 
ments continue  unwisely  to  be  made  to  depend  upon  the 
hips  instead  of  from  the  shoulders ; but  if  they  are  too 
stiff  to  bend  with  the  figure,  or  too  tightly  laced  to  allow 
the  most  perfect  freedom  of  movement,  they  become 
highly  mischievous.  The  reason  for  this  is  plain  to  any 
one  who  has  so  much  acquaintance  with  anatomy  as  my 
readers  will  have  gained.  And  surely  it  is  scarcely  pos- 
sible that  a girl  who  knows  that  the  lower  ribs,  being 
floating,  are  very  readily  compressible,  and  that  the  most 
delicate  soft  organs  of  the  body  are  beneath  so  closely 
packed  that  pressure  must  squeeze  them  together,  and 
push  them  out  of  place  upon  one  another,  can  be  guilty 
of  deliberately  injuring  herself  in  such  a manner,  sacri- 
ficing a long  life  of  womanly  happiness  to  a few  fleeting 
years  of  mistaken  girlish  vanity. 

Upon  this  point,  as  upon  every  other,  the  practice 
which  must  be  followed  to  retain  health  is  dictated  by 
the  facts  of  physiology.  The  very  architecture  shows 
the  care  required  for  the  preservation  of  each  apartment ; 
if,  through  ignorance  or  heedlessness,  we  neglect  the 
indications  thus  supplied,  upon  us  must  the  punishment 
fall  in  the  premature  decay  and  ruin  of  the  House  of 
Life. 
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Abdomen,  5,  6. 

Absorption,  54. 

Accidents  to  blood-vessels,  45. 
to  bones,  17^ 

“Adam’s  apple,  ’ 167. 

Afferent  nerves,  150. 

Air-cells,  10. 

Air,  composition  of,  30. 

difference  between  expired  and 
fresh,  31,  40. 
tidal,  15. 
reserve,  15. 
residual,  16. 
stationary,  16. 

Alcohol,  39,  77-80,  94,  161. 

Albumen,  62. 

Ammonia,  60. 

Ampullse  (am-pul'-e),  130. 

Am'yloids,  64. 

Analysis  of  animal  body,  60. 
air,  30. 

Anatomy,  6. 

Animal  food,  63,  68,  69. 

Anstie,  Dr.,  quoted,  160. 

Aorta  (a-or'-ter),  18. 

Appetite,  loss  of,  95. 

Apex  of  the  heart,  17. 

A'queous  humour,  112, 115. 

Arachnoid  (ar-ack'-noid),  140. 

Arbor  vita;,  143. 

Arnica,  tincture  of,  171. 

Arteries,  18,  20,  45. 
aorta,  18. 
pulmonary,  24. 
hepatic,  90. 
renal,  loi. 
in  the  villi,  56. 

Articulations,  175,  176. 

Ashes  of  body,  60. 

Asphyxia,  37. 

Auditory  nerve,  132,  147. 

Auricles  (awe'-rik-kels),  18. 

Auriculo-ventricular  apertures,  24. 
valves,  25. 


Backbone,  174. 

Ball-and-socket  joints,  176. 

Baths,  108. 

Beverages,  73,  76. 

Bile,  55,  85. 

office  of  the,  56. 
secretion  of,  89,  92. 

“ Bilious  attacks,”  94. 

Black  hole  of  Calcutta,  38. 

Blackwell,  Dr.  Elizabeth,  quoted, 
158,  169. 

Bladder,  gall,  90. 

urinary,  99. 

Blood,  21. 

coagulation  of,  21. 
different  tint  in  arteries  and  veins, 
22. 

reasons  for  this  difference,  33. 
changes  in  while  in  the  lungs,  34. 
changes  in  while  in  the  capillaries, 
35- 

supply  to  muscles,  168. 
supply  to  bones,  173, 

Blood-vessels,  9,  18. 

Bone,  structure  of,  172. 

Bones,  162,  172-180. 

small,  of  the  ear,  128. 
broken,  179. 

Bowman,  Mr.,  102. 

Brain,  137,  142-161. 
base  of  the,  144. 
coverings  of,  140. 
overwork  of  the,  159,  160. 
weight  in  relation  to  mental  power, 
159,  160. 

Bread,  71. 

Breathing,  ii 
Bronchial  tubes,  10. 

Budd,  Dr.,  quoted,  94. 

Burning,  chemistry  of,  36. 

Caffeine,  77. 

Calcutta,  Black  Hole  of,  38. 

Calico,  no. 
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Canaliculi,  173. 

Capillaries  (cap'-il-la-rees),  18,  20,  loi. 
Carbon,  35,  60,  63,  66. 

Carbonic  acid,  30,  32,  35,  37,  45,  60,  99. 
Carpenter,  Dr.,  quoted,  155. 

Carpus,  175. 

Cartilage,  9,  14,  175. 

Casein,  63. 

Cells,  epithelial,  87,  162. 
liver,  92. 
nerve,  140. 

Cerebro-spinal  nervous  system,  138, 

139-155- 

Cerebellum  (ser'-e-bel'-lum),  142,  143, 
^53- 

Cerebrum  (ser'-e-brum),  142,  144-146, 
^53-. 

Choroid  (kor'-oid),  112,  114. 

Churchill  quoted,  160. 

Chyle,  56,  58. 

Chyme,  54,  64. 

Ciliary  motion,  162,  163. 
muscle,  116. 
processes,  114,  116. 

Circulation  of  the  blood,  17-29. 
review  of  the,  29. 
rapidity  of  the,  29. 

Circulation  of  matter,  62. 

Cisterns,  75. 

Classification  of  food  stuffs,  62. 

Clavicle,  175. 

Clothing,  no. 

Coagulation  of  blood,  21. 

Cochlea  (kok'-lear),  129,  131,  133. 

Cocoa,  76. 

Coffee,  76. 

Combustion  in  the  body,  36,  38. 

Concha  (kon'-ka),  125. 

Conjunctiva,  124. 

Consciousness,  153. 

Consumption,  40,  44. 

Convolutions  of  cerebrum,  146,  154. 
Cooking,  83. 

Cornea,  112,  114. 

Corpuscles  of  blood,  21. 

of  nerve,  162. 

Corpus  callosum,  145. 

striatum,  144. 

Crabbe  quoted,  96.  •' 

Cream,  71. 

Critchett,  Mr.,  quoted,  125. 
Crystalline  lens,  112,  116,  121. 

Crura  cerebri,  144. 

Dancing,  170. 

Deafness,  134. 

Death  from  neglect  of  hygienic  laws,  i, 
38,39,108,111. 

Decussation  of  anterior  pyramids,  152. 
Derma,  103,  105.  ' 

Diabetes,  148. 

Diaphragm  (di'-a-fram),  5,  13,  15,  52,  89. 


Dicken.s  quoted,  51. 

Digestibility  of  food,  80-82. 

Digestion,  organs  of,  47-59. 
in  the  stomach,  54. 
in  intestines,  55. 
office  of  bile  in,  56. 

of  pancreatic  juice,  56. 
review  of  the  mechanism  of,  58,  59. 
Dislocation,  179. 

Drum  of  the  ear,  126. 

Drysdale,  Dr.  C.  R.,  quoted,  45. 
Ductless  glands,  97. 

Duodenum  (du-o'-dee-num),  55,  89. 
Dura  mater,  140. 

Dust-bins,  44. 

Ear,  structure  of,  125-132. 
bones,  128. 
dust,  130. 

foreign  bodies  in  the,  126. 
windows  of  the,  128. 

Education,  157,  170. 

Efferent  nerves,  150. 

Eggs,  62,  66. 

Elastic  tissue,  20. 

Enamel,  48. 

Endocardium  (end'-o-card'-e-um),  25. 
Endolymph,  130. 

Epidermis,  103,  104,  109. 

Epiglottis,  so. 

Epithe'lium,  87,  100,  162,  163. 
Eruptions,  no. 

Eustachian  tube  (use-tay'-ke-an),  50, 127. 
Excretion,  85,  98,  107. 

Exercise,  39,  95,  167. 

Expiration,  12. 

Eye,  structure  of  the,  112-123. 
ball,  1 13. 

adjustment  of  the,  121. 
appendages  ot  the,  124. 
waters,  123. 

Fat,  56,  63,  140,  160. 

Fatness,  excessive,  84. 

Femur,  175. 

Fenestia  ovalis,  128,  132. 

rotunda,  128,  132. 

Fibres  of  Cord,  132,  133. 
nerve,  140. 

ultimate  muscular,  166. 

Fibrin,  62. 

Fibula,  175. 

Filters,  76. 

Flannel,  no. 

Flesh-formers,  62. 

Food,  animal,  63. 
classes  of,  62. 

digestibility  of  various,  80. 
how  swallowed,  49. 
peculiar,  67. 
vegetable,  80. 

Fracture,  179. 

Fruits,  68. 
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Gall-bladder,  90. 

Ganglia  of  nerves,  139,  142. 

Gases,  31,  33, 34.  See  Oxygen,  Carbonic 
acid,  etc. 

law  of  the  diffusion  of,  35. 

Gastric  juice,  53,  54. 

Gaswork,  the  living  body  a,  36. 

Gelatine,  63. 

Girls,  physical  exercise  in  schools  for,  169. 
Glands,  structure  of,  86-88. 
ductless,  97. 
gastric,  53. 
lachrymal,  124. 
lymphatic,  57. 
salivary,  49. 
sweat,  106. 

Glomerulus,  loi. 

Glosso-pharyngeal  nerve  (glos-so'-fare- 
in'-ge-al),  147. 

Glottis,  50. 

Gluten,  62. 

Glycogen,  93. 

Greenland,  diet  of,  67. 

Grey  nerve  matter,  141,  142,  147. 

Gullet  See  CEsophagus. 

Gymnastics,  170. 

Haversian  canals,  173. 

Heat,  animal,  36. 

Heat-producing  foods,  63,  64, 

Hearing,  133.  , 

Heart,  7,  17,  23,  25. 

Hepatic  artery,  88,  90,  92. 
veins,  93. 
duct,  88,  90,  92. 

Hinge-joints,  176.  ! 

Horse,  situation  for  the,  44. 

Humerus  (hew'-mer-us),  175.  • 

Huxley,  Professor,  quoted,  125,  153. 
Hydrochloric  acid,  53.  ! 

Hydrogen,  60. 

Hygiene  (hy'-gee-ane),  6. 

Hysteria,  39. 

Incus,  128. 

Indigestion,  53,  81. 

Infectious  diseases,  no. 

Inorganic,  4,  61. 

Inspiration,  12. 

Intercostal  muscles,  14. 

Internal  ear,  129-132. 

Intestines,  6,  55,  56. 

Iris,  112,  114. 

Jaundice,  92. 

Johnstone,  Professor,  quoted,  77. 
Joints,  176. 

Jones,  Sir  W.,  quoted,  160. 

Kidneys,  6,  98-102. 
pelvis  of  the,  99. 
pyramids  of  the,  100. 

Kidney  complaints,  108. 

JCreatin,  68. 


Labyrinth  of  ear,  i2g. 

Lachrymal  duct  (lak'-rim-mal),  124. 
gland,  124. 

Lacteals,  58. 

Lacunae,  173. 

Larynx  (lar'-rinx),  167. 

Layer  of  rods  and  cones,  117-119. 

Law  of  nature,  35. 

Lead  in  water,  76. 

absorbed  by  cutis,  104. 

Lens,  crystalline,  ito. 

LcYers,  177-179. 

Ligaments,  176. 

Light,  120. 

Linen,  no. 

Liver,  6,  89-93. 

“ complaint,”  94. 
pills,  95. 

Liquor  sanguinis  (like'-wor  sang  -wi- 
nis),  21. 

Londonderry,  The,  38. 

Longevity  of  brain-workers,  160. 

Long-sightedness,  122. 

Lungs,  7-12. 

quantity  of  air  contained  in,  16. 
blood-vessels  in,  24. 
changes  in  air  in,  33. 
as  excreting  organs,  98. 

Lymphatic  system  (lim-fat'ic),  57,  58. 

Macula  lutea,  118. 

Madden,  Mr.,  quoted,  160. 

Malleus  (mal'-le-us),  128. 

Malpighian  capsule,  100. 

Mapother,  Dr.,  quoted,  107. 

Marsh  gas,  44. 

Measle-worm,  69. 

Meat,  68. 

Medulla  oblongata,  142, 148,  152. 

Membranes,  9,  33,  56,  87, 176. 

Memory,  155. 

Mercury,  95,  104. 

Metacarpal  bones,  175. 

Metatarsal  bones,  175. 

Middle  ear,  126. 

Milk,  71. 

Mitral  valve,  25. 

Modiolus,  131. 

Motor  nerves,  150. 

Mucous  membrane,  56. 

Muscles,  162,  164,  171. 
abdominal,  14. 
blood-vessels  of,  168. 
force  of  the  respiratory,  16. 
involuntary,  23,  115,  138,  166. 
intercostal,  14. 
of  eyeball,  124. 
papillary,  26. 

Muscular  tissue,  13,  166. 
fibres,  53,  98,  115. 

Nerve  cells,  140. 
centres,  140. 
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Nerve  fibres,  140. 
force,  151. 
plexuses,  13^. 

Nerves,  the  auditory,  132,  147. 
the  cerebral,  146,  148. 
the  olfactory,  136,  146. 
the  optic,  1 17,  147. 
spinal,  142,  149,  150. 
sympathetic,  139. 

Nervous  action,  reflex,  152. 

Nervous  system,  cerebro-spinal,  139. 

sympathetic,  138. 

“ Nervousness,”  39. 

Neuralgia,  160. 

Nitrogen,  30,  59,  66. 

Nitrogenous  food-stuff's,  62,  65. 

Nose,  135. 

Oatmeal,  69. 

Obesity,  84. 

Esophagus  (e-sof-a-gus),  50,  51,  53. 
Olfactory  nerve,  136,  145. 

Optic  nerve,  117-119,  146. 

Optic  thalami,  144,  147. 

Organ,  4. 

Organic,  organised,  4,  61. 

Organic  matter  in  water,  75. 

Osmosis,  55,  64. 

Over-eating,  95. 

Over-exercise,  physical,  171. 
Over-work,  mental,  159,  160. 

Oxygen,  30,  60. 

Painting  the  face,  in. 

Palate,  soft,  50. 
hard,  136. 

Pancreas,  6,  55,  89,  96. 

Papillae  of  skin,  105,  134. 

tongue,  49,  135, 

Papillary  muscles,  26. 

Parkes,  Dr.,  experiment  by,  77. 
Parsnips,  70. 

Peas,  69. 

Pelvis,  5,  175. 

of  the  kidney,  99. 

Pepsin,  53. 

Pericardium,  17. 

Perilymph,  130. 

Periosteum,  173. 

Peritoneum,  8. 

Perspiration,  106. 

Phalanges  (falan'-gees),  175. 

Pharynx  (far-rinx),  49. 

Phosphorus,  140,  141. 

Physiology,  6. 

Pia  mater,  140. 

Pills,  prescription  for  liver,  95. 

quack,  71,  96. 

Pigment  layer  of  skin,  106. 

cells  of  eye,  1 14. 

Pineal  gland,  144. 

Pituitary  body,  144. 


Pivot  joints,  176. 

Pneumogastric  nerve  (new'-mo-gas' - 
trick),  147. 

Plasma,  21. 

Pleura  (plu'-rah  [sing.]  plu-ree  [plu.],  7. 
Plexus,  nervous,  139. 

Pons  Varolii  (ponz  var-o-Iee-i),  144. 
Potatoes,  70. 

Potash,  70. 

Portal  vein,  90,  92. 

Preventible  disease,  t. 

Proteids  (pro-tee-ids),  63. 

Prout,  Dr.,  quoted,  94. 

Public  Health  Act,  43, 

Pulmonary  artery,  24,  26. 

veins,  26,  28. 

Pylorus  Cpy-lore'-us),  55. 

Pyramids  of  kidney,  99. 

Quack  medicines,  96. 

Radius,  175. 

Rain-water  for  drinking,  74. 

Reaction  after  bathing,  109. 

Reflex  nervous  action,  152. 

Renal  artery,  loi. 

vein,  102. 

Respiration,  7-12. 
organs  of,  7. 

an  involuntary  action,  12. 
mechanism  of,  13. 
number  per  minute  of,  15. 
Respiratory  muscles  (strength  of),  16, 
Retina,  112,  116,  117. 

Rickets,  173. 

Ribs,  14,  174. 

Ruskin,  John,  quoted,  159. 

Saccule,  the,  130. 

Saliva,  49,  64. 

Salivary  glands,  49. 

Salts  in  the  body,  60,  64,  70. 

Sarcolemma,  166. 

Scalse  of  the  ear  (ska'-lee),  132. 

Scapula,  175. 

Scarf-skin.  See  Epidermis. 

Sclerotic  (skler'-ot-ic),  112,  113. 

Scurvy,  69. 

Secretion,  85. 

Seeing,  120. 

Semicircular  canals,  129,  133. 

Semilunar  valves,  28. 

Sensation,  150,  152. 

Sensory  nerves,  151. 

Serous  membranes,  9,  17. 

Serum,  9. 

of  the  blood,  21. 

Sewers,  defective,  44,  75. 
Short-sightedness,  122. 

Sight,  120. 

Skin,  the,  102,  109. 

constitutional  effects  of  dirt  upon 
the,  107. 
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Skin,  eruptions  on  the,  no. 
Skey,  Mr.  quoted,  170. 

Skull,  140,  175. 

Sleep,  158,  159. 

Smelling,  136. 

Soap,  109. 

Solomon,  160. 

Sound,  132. 

Soup  for  the  sick,  83. 
Spectacles,  122. 

Speech,  6,  97. 

Spine,  174. 

Spinal  cord,  139,  141. 

nerves,  142,  149,  150. 
Spiral  canal,  131. 

Spleen,  6,  97. 

Split  peas,  69. 

Sprain,  171. 

Squinting,  124. 

Stapes  (sta'-pees),  129. 
Starchy  foods,  49,  56,  64. 
States  of  consciousness,  154. 
Stays,  180. 

Sternum,  174. 

Stomach,  50,  52,  53,  8r,  82. 
Suffocation,  38. 

Study,  daily  amount  of,  160. 
Supra-renal  capsules,  97. 
Sweat,  composition  of,  107. 

glands,  106. 

Swallowing,  50.  ' 

Sydney  Smith  quoted,  94. 
Sympathetic  nerves,  138,  139. 
Synovial  membrane,  176. 
Systemic  circulation,  29. 

Tape-worm,  69. 

Tarsus,  175. 

Taste,  34,  35,  49,  135. 

Tea,  75,  77. 

Teeth,  47,  48. 

Temperature,  body,  26. 
Tendons,  166. 

Theine,  76. 

Thoracic  duct  (tho-ras'-ik),  57. 
Thora.x,  5,  7. 

Thymus,  97. 

Thyroid,  97. 

Tibia,  175. 

Tidal  air,  15. 

Tissue,  4. 

connective,  20. 
elastic,  9,  13. 
muscular,  13. 

Tobacco,  123. 

Tongue,  49,  134.  167. 

Touch,  104,  134. 


Trachea  (trah'-kee-er),  9. 

Tricuspid  valve,  25. 

Trigeminal  nerve,  147. 

Tubes  (head  and  trunk  divisible  into 
two),  4._ 

Tubuli  uriniferi,  100. 

Tympanic  membrane,  126,  127. 

Ulna,  175. 

Urea,  98. 

Ureters,  98. 

Urinary  bladder,  99. 

Urine,  loi. 

Utricle,  130. 

Valves  of  the  heart,  25. 
in  veins,  20. 
semilunar,  28. 

Vegetables,  61,  63,  68,  69,  70. 

Veins,  18,  20. 

accidents  to,  45. 
in  villi,  56. 
interlobular,  91. 
intralobular,  93. 
portal,  90. 
of  stomach,  55. 
renal,  102. 
sub-lobular,  93. 

Velocity  of  circulation,  29. 

Venae  cavae,  19,  93,  102. 

Vena  portae,  90. 

Ventricles  (ven-tri-kels)  of  heart,  18. 
of  brain,  142,  144. 

Ventilation,  38,  39,  41,  42. 

Vertebrae,  174,  176. 

Vertebrated  animals,  5. 

Vestibule  of  ear,  129. 

Villi,  55,  58. 

Vital  force,  164. 

Vitreous  humour,  112,  116. 

Vocal  cords,  167. 

Voice,  167. 

Voluntary  movement,  149. 

Walking,  169. 

Water,  35,  64,  73,  74,  75,  76,  99. 
on  the  brain,  140. 

Weight  of  brain,  153,  155. 

White  corpuscles  of  blood,  21. 
nerve  matter,  140,  141,  146. 
of  the  eye,  113. 

Will,  149. 

Wilson,  Mr.  Erasmus,  quoted,  107. 

Windows  of  the  ear,  128,  132. 

Windpipe,  ^ 

Winslow,  Dr.  F.,  quoted,  159. 

Yellow  spot,  118. 
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List  of  Books. 


IMPORTANT  VOLUME  OF  ETCHINGS, 

Folio,  cloth  extra,  ;i^i  lU.  6d. 

Examples  of  Contemporary  A rt, 

ETCHINGS  from  Representative  Works  by  living  English  and 
Foreign  Artists.  Edited,  with  Critical  Notes,  by  J.  Comyns 
Carr. 

**  It  -would  not  be  easy  to  meet  -with  a more  sumptuous,  and  at  the  same  time  a 
more  tasteful  a7id  instructive  drawing-room  book." — Nonconformist. 


Folio,  half-bound  boards,  India  proofs,  21s. 

William  Blake  : 

ETCHINGS  from  his  Works.  By  William  Bell  Scott. 
With  descriptive  Text. 

“ The  best  side  of  Blake's  work  is  given  here,  and  mctkes  a really  attractive 
volume,  which  all  can  enjoy  . . . The  etching  is  of  the  best  kind,  tnore  refined 

and  delicate  than  the  original  work." — Saturday  Review. 


NEW  VOLUME  OF  HUNTING  SKETCHES. 

Oblong  4to,  half-bound  boards,  21s. 

Canters  in  Crampshire. 

By  G.  Bowers.  I.  Gallops  from  Gorseborough.  II.  Scrambles 
with  Scratch  Packs.  III.  Studies  with  Stag  Hounds. 
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BOOKS  PUBLISHED  BY 


Square  8vo,  cloth,  extra  gilt,  gilt  edges,  with  Coloured  Frontispiece 
and  numerous  Illustrations,  loj.  6d. 

The  Art  of  Beauty. 

By  Mrs.  H.  R.  Haweis,  Author  of  **  Chaucer  for  Children.” 
With  nearly  One  Hundred  Illustrations  by  the  Author. 

* A most  interesting  book,  full  of  valuable  hints  and  suggestions.  . If 

young  ladies  would  hit  lend  their  ears  for  a little  to  Mrs.  Haweis,  we  are  quite 
sure  that  it  would  result  in  their  being  at  once  more  tasteful,  more  hcippy,  and  more 
healthy  than  they  now  often  are,  with  theirfalse  hair,  high  heels,  tight  corsets,  and 
ever  so  much  else,  of  the  satne  sortP — Nonconformist. 

Crown  4to,  containing  24  Plates  beautifully  printed  in  Colours,  with 
descriptive  Text,  cloth  extra,  gilt,  6s,  ; illustrated  boards,  3J.  6d. 

ASsofs  Fables 

Translated  into  Human  Nature.  By  C.  H.  Bennett. 

**  For  fun  and  frolic  the  new  version  of  AEsop’s  Fables  must  bear  away  the 
palm.  There  are  plenty  of  grown-up  children  who  like  to  be  amused  ; and  if  this 
new  version  of  old  stories  does  not  amuse  them  they  must  be  very  dull  indeed, 
and  their  situation  one  much  to  be  co^nmiserated." — Morning  Post. 

Crown  8vo,  cloth  extra,  with  639  Illustrations,  *}s.  6d.,  a New  Edition 
(uniform  with  “The  Englishman’s  House”)  of 

A Handbook  of  Architectural  Styles, 

Translated  from  the  German  of  A.  RosengARTEN  by  W. 
Collett- Sandars.  With  639  Illustrations. 

Crown  8vo,  Coloured  Frontispiece  and  Illustrations,  cloth  gilt,  *js.  6d. 

A History  of  A dvertising, 

From  the  Earliest  Times.  Illustrated  by  Anecdotes,  Ciudous 
Specimens,  and  Biographical  Notes  of  Successful  Advertisers. 
By  Henry  Sampson. 

Crown  8vo,  with  Portrait  and  Facsimile,  cloth  extra,  yj.  6d. 

Art  emus  Ward's  Works : 

The  Works  of  Charles  Farrar  Browne,  better  known  as 
Artemus  Ward.  With  Portrait,  facsimile  of  Handwriting,  &c. 

**  The  author  combines  the  powers  of  Thackeray  with  those  of  A Ibert  Smith. 
The  salt  is  rubbed  in  with  a native  hand — OTie  which  has  the  gift  of  tickling F— 
Saturday  Review. 


Small  4to,  green  and  gold,  6s.  6d. ; gilt  edges,  yj.  6d. 

As  Pretty  as  Seveii, 

and  other  Popular  German  Stories.  Collected  by  Ludwig 
Bechstein.  With  Additional  Tales  by  the  Brothers  Grimm, 
and  100  Illustrations  by  Richter. 
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Crown  8vo,  cloth  extra,  Js.  6d. 

A Handbook  of  London  Bankers ; 

With  some  Account  of  their  Predecessors,  the  Early  Goldsmiths  ; 
together  with  Lists  of  Bankers,  from  1677  to  1876.  By  F.  G. 
Hilton  Price. 

An  interesting' and  unpretending  little  work,  which  may  prove  a usejul  con- 
tribution towards  the  history  o_f  a di^cult  sidject.  . . . Mr.  Price's  anecdotes 
are  entertaining.  ....  There  is  something  fascinatmg,  almost  romantic, 
in  the  details  given  us  of  Child' s Bank.  . . . There  is  a great  deal  of  amusing 
reading  and  some  valuable  inf ormation  in  this  book." — Saturday  Review. 

Crown  8vo,  cloth  extra,  Qr. 

Bards  ley's  Our  English  Surnames : 

Their  Sources  and  Significations.  By  Charles  Wareing 
Bardsley,  M.A.  Second  Edition,  revised  throughout,  con- 
siderably enlarged,  and  partially  rewritten. 

“ Mr.  Bardsley  has  faithfully  consulted  the  orighial  mediceval  documents  and 
works  from  which  the  origin  and  developme'nt  of  surnames  cati  alone  be  satisfac- 
torily traced.  He  has  furnished  a valuable  contribution  to  the  literature  of  sur- 
names, and  we  hope  to  hear  fnore  of  him  in  this  field." — Times. 


Demy  8vo,  illustrated,  u.  each. 

Henry  Blackburn  5 A rt  Handbooks  : 

Academy  Notes  for  1'8’j'j. 

With  143  Illustrations  of  the  Principal  Pictures  at  Bur- 
lington House : more  than  One  Hundred  being  Facsimiles  of 
Sketches  drawn  by  the  Artists. 

Academy  Notes  for  1875  and  1876  may  also  be  had,  price 
One  Shilling  each. 

“ We  at  once  take  an  opportunity  of  ojfering  our  thanks,  as  well  as  those 
of  all  visitors  to  the  Exhibition,  to  Mr.  Blackburn  for  his  very  carefully 
executed  review  of  the  Academy  pictures,  illustrated  by  some  loo  woodcut 
memoranda  of  the  principal  pictures,  almost  half  ofthej7i  from  the  pencils  of 
the  painters  thefnselves.  A cheaper,  prettier,  or  more  C07ive7iiefit  souvenir 
of  the  Exhibition  it  would  be  diffietdt  to  conceive  and  unreasonable  to 
expect." — Times. 

Pictorial  Notes  in  the  National  Gallery. 

The  British  School.  With  upwards  of  100  Illustrations 
of  the  principal  Pictures  at  Trafalgar  Square ; forming  a 
complete  Catalogue  of  the  British  Section. 

The  Old  Masters  at  Trafalgar  Square. 

With  numerous  Illustrations.  \In  the  press. 

Pictures  at  South  Kensington. 

With  80  Illustrations  of  the  Raphael  Cartoons,  the  Sheep- 
shanks Collection,  &c. 

Grosvenor  Notes,  1878. 

With  numerous  Illustrations,  contributed  by  the  Artists 
themselves.  \.In  the  press. 


4 


BOOKS  PUBLISHED  BY 


Demy  8vo,  cloth  extra,  with  Illustrations,  i8j. 

Baker's  Clouds  in  the  East: 

Travels  and  Adventures  on  the  Perso-Turkoman  Frontier.  By 
Valentine  Baker.  With  Maps  and  Illustrations,  coloured 
and  plain,  from  Original  Sketches.  Second  Edition,  revised  and 
corrected. 

“ man  who  not  only  thinks  for  himself,  bid  %vho  has  risked  his  life  in  order  to 
patninformation,  . . . A most  graphic  and  lively  narrative  of  travels  and  adven- 
tures which  have  nothing  of  the  commo7iplace  about  them." — Leeds  Mercury. 

Crown  8vo,  cloth  extra,  gilt,  with  Illustrations,  yj.  6d. 

Boccaccio's  Decameron  ; 

or.  Ten  Days’  Entertainment.  Translated  into  English,  with  an 
Introduction  by  Thomas  Wright,  Esq.,  M.A.,  F.S.A.  With 
Portrait,  and  Stothard’s  beautiful  Copperplates. 

Price  One  Shilling  Monthly,  with  Four  Illustrations. 

Belgravia  Magazine. 

TJiat  the  p^irpose  with  which  ^'BELGRAVIA"  was  originated  has  been 
ftilfilled,  is  shown  by  the  popularity  that  has  atte^ided  it  since  its  first  appear- 
ance. Aimhig,  as  may  be  inferred  fi'om  its  name,  at  supplying  the  most 
refined  and  cultivated  section  of  Londo7i  society  with  hitellectual  pabuhi77i  S7iited 
to  its  req7iireme7its,  it  sprang  at  once  hito  ptiblic  favour,  and  has  smce  re7nained 
07ie  of  the  most  exte7isively  read  a7id  widely  circ7tlated  of  periodicals.  In  passing 
j.7ito  netu  Jta7ids  it  has  experienced  7io  strjictural  cha7tge  or  modification.  In- 
creased energy  a7id  hicreased  capital  have  bee7i  employed  in  elevating  it  to  the 
'highest  sta7idard  of  excelle7tce,  b7it  all  the  feattires  that  had  wo7t  p7iblic  apprecia- 
tion have  bee7i  retained,  a7id  the  Magazme  still  seeks  its  prhicipal  s7ipport  z’«  the 
homes  of  Belgravia.  As  the  >nea7is  thro7igh  which  the  writer  77tost  readily  reaches 
the  heart  of  the  ge7ieral public,  a7id  in  conseq7ience  as  the  77iost  i77iporta7it  of  aids 
i7i  the  estciblish7)te7it  of  7norals  and  the  formatio7i  of  character,fictio7i  still  re7/iai7ts 
a p7‘i7icipal feat7ire  hi  the  Magazhie.  Two  Serial  Stories  accordingly  ru7t  through 
its  pages;  suppleme7ited  by  short  Stories,  Novelettes,  a7id  7ia7'rative  or  dramatic 
Sketches : whilst  Essays,  Social,  Biographical,  aiid  Hu77iorous ; Scientific  Dis- 
coveries brought  to  the  level  of  popidar  co7nprehension,  a7id  treated  with  a light 
''touch;  Poetry,  of  the  highest  cha7'acter ; and  records  of  Adve7itu7-e  a7id  Travel, 
for7n  the  remahiing  portion  of  the  contents.  Especial  care  is  now  bestowed 
7tpo7t  the  illustratio7is,  of  %vhich  no  fewer  tha7i  four  appear  in  each  7iumber. 
Beyond  the  design  of  illustrating  the  article  they  acco7npa7ty,  these  ahn  at  mahi- 
tahiing  a positio7i  as  works  of  art,  both  as  7-egards  drawhig  a7id  e7tgraving- 
In  short,  whatever  clahns  the  Magazhie  before  possessed  to  favour  have  7iozv  bee7i 
e7iha7iced,  and  the  Publishers  ca7i  but  leave  the  result  to  a public  that  has  seldo7n 
failed  to  appreciate  all  earliest,  persistent,  and  well-directed  effoi'ts  for  its  amuse- 
ment and  benefit. 

V The  THIRTY-FOURTH  Volume  of  BELGRAVIA  {-which  in- 
cludes the  Belgravia  Annual),  elegantly  bound  in  crimson  cloth,  full 
gilt  side  and  back,  gilt  edges,  price  ^s.  6d,,  is  now  ready. — Handsome 
Cases  for  binding  the  volume  can  be  had  at  2s.  each. 

Third  Edition,  crown  8vo,  cloth  extra,  gilt,  ^s. 

Boudoir  Ballads : 

Vers  de  Society.  By  J.  Ashby-Sterry. 
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Imperial  4to,  cloth  extra,  gilt  and  gilt  edges,  price  21  s.  per  volume. 

Beautiful  Pictures  by  British  A rtists  : 

A Gathering  of  Favourites  from  our  Picture  Galleries.  In  2 Series. 

The  First  Series  including  Examples  by  Wilkie,  Con- 
stable, Turner,  Mulready,  Landseer,  Maclise,  E.  M. 
Ward,  Frith,  Sir  John  Gilbert,  Leslie,  Ansdell,  Marcus 
Stone,  Sir  Noel  Paton,  Faed,  Eyre  Crowe,  Gavin  O’Neil, 
and  Madox  Brown. 

The  Second  Series  containing  Pictures  by  Armyt age,  Faed, 
Goodall,  Hemsley,  Horsley,  Marks,  Nicholls,  Sir  Noel 
Paton,  Pickersgill,  G.  Smith,  Marcus  Stone,  Solomon, 
Straight,  E.  M.  Ward,  and  Warren. 

All  engraved  on  Steel  in  the  highest  style  of  Art.  Edited,  with 
Notices  of  the  Artists,  by  Sydney  Armytage,  M.A. 

*'  This  hook  is  well  got  up,  and  good  etigravings  by  Jeens,  Lumh  Stocks,  and 
others,  bring  back  to  us  pictures  ^ Roy  cU  Academy  Exhibitions  of  past  years." 
— Times. 


Crown  8vo,  with  Photographic  Portrait,  cloth  extra,  9^. 

Blanchard 's  ( Laman ) Poe^ns. 

Now  first  Collected.  Edited,  with  a Life  of  the  Author  (includ- 
ing numerous  hitherto  unpublished  Letters  from  Lord  Lytton, 
Lamb,  Dickens,  Robert  Browning,  and  others),  by  Blan- 
chard Jerrold. 

His  humorous  verse  is  much  of  it  admirable  — sparkling  with  genume 
‘ esprit P and  as  polished  and  pointed  as  Praed’s.” — Scotsman. 

Crown  8vo,  cloth  extra,  ^s.  6d. 

Bret  Harte  's  Select  Works, 

in  Prose  and  Poetry.  With  Introductory  Essay  by  J.  M.  Bel-- 
LEW,  Portrait  of  the  Author,  and  50  Illustrations. 

Not  many  months  before  my  friend 's  death,  he  had  sent  me  two  sketches  of 
a young  American  writer  (Bret  Harte),  far  away  in  California  (' The  OtU- 
casts  of  Poker  Flat,'  and  another),  in  which  he  had  found  such  subtle  strokes 
of  character  as  he  had  not  a7iywhere  else  ht  late  years  discovered  ; the  manner 
resembling  hhnself,  but  the  matter  fresh  to  a degree  that  had  surprised  him  ; 
the  painting  ifi  all  respects  masterly,  and  the  wild  rude  thing  painted  a quite 
wonderful  reality.  I have  rarely  known  him  more  honestly  moved)' — Forster’s 
Life  of  Dickens. 


Crown  8vo,  cloth  extra,  gilt,  *js.  6d. 

Brand's  Observations  on  Popular  Anti- 
quities, chiefly  Illustrating  the  Origin  of  our  Vulgar  Customs, 
Ceremonies,  and  Superstitions,  With  the  Additions  of  Sir 
Henry  Ellis.  An  entirely  New  and  Revised  Edition,  with  fine 
full-page  Illustrations. 
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Small  crown  8vo,  cloth  extra,  gilt,  with  full-page  Portraits,  4^.  (id. 

Brewster's  (Sir  David)  Martyrs  of 

Science. 


Small  crown  8vo,  cloth  extra,  gilt,  with  Astronomical  Plates,  4^.  (d. 

Brewster's  (Sir  David)  More  Worlds 

than  One,  the  Creed  of  the  Philosopher  and  the  Hope  of  the 
Christian. 

Small  crown  8vo,  cloth  extra,  6s. 

Brillat-Savarin  's  Gastronomy  as  a Fine 

Art ; or.  The  Science  of  Good  Living.  A Translation  of  the 
Physiologie  du  Gout  ” of  Brill  AT- Savarin,  with  an  Intro- 
duction and  Explanatory  Notes  by  R.  E.  Anderson,  M.A. 

“ We  have  read  it  with  rare  enjoymeiit,  just  as  we  have  delightedly  read  and 
re-read  quaint  old  Izaak.  Mr.  Anderson  has  done  his  work  0/  translation 
dahitily,  with  true  appreciation  of  the  points  in  his  original;  and  altogether, 
though  late,  we  cannot  b7it  believe  that  this  book  will  be  welcomed  and  much  read 
by  Nonconformist. 


Demy  8vo,  profusely  Illustrated  in  Colours,  price  30^. 

The  British  Flora  Medic  a : 

A History  of  the  Medicinal  Plants  of  Great  Britain.  Illustrated 
by  a Figure  of  each  Plant,  coloured  by  hand.  By  Benjamin  H. 
Barton,  F.L.S.,  and  Thomas  Castle,  M.D.,  F.R.S.  A New 
Edition,  revised,  condensed,  and  partly  re-written,  by  John  R. 
Jackson,  A.  L.S.,  Curator  of  the  Museums  of  Economic  Botany, 
Royal  Gardens,  Kew. 

The  Stothard  Bun yan.— Crown  8vo,  cloth  extra,  gilt,  *js.  6d. 

Bunyan  's  Pilgriins  Progress. 

Edited  by  Rev.  T.  Scott.  With  17  beautiful  Steel  Plates  by 
Stothard,  engraved  by  Goodall  ; and  numerous  Woodcuts. 


Crovm  8vo,  cloth  extra,  gilt,  with  Illustrations,  *js.  6d. 

Byron ' s Letters  and  yournals. 

With  Notices  of  his  Life.  By  Thomas  Moore.  A Reprint  of 
the  Original  Edition,  newly  revised.  Complete  in  One  thick  Volume, 
with  Twelve  full-page  Plates. 

" We  have  read  this  book  with  the  greatest  pleasure.  Considered  merely  as  a 
composition,  it  deserves  to  be  classed  among  the  best  specimens  of  English  prose 
which  our  age  has  prod^iced.  . . . The  style  is  agreeable,  clear,  and  manly, 

and  wheti  it  rises  into  eloquence,  rises  withotit  effort  or  ostentation.  It  would 
bediff.citlt  to  name  a book  which  exhibits  more  kmdness,  fairness,  and  modesty." 
— Macaulay,  in  the  Edinburgh  Review.] 
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Demy  4to,  cloth  extra,  gilt  edges,  3IJ.  6d. 

Canova  's  Works  in  Sculpture  and  Model- 

ling.  150  Plates,  exquisitely  engraved  in  Outline  by  Moses,  and. 
printed  on  an  India  tint.  With  Descriptions  by  the  Countess 
Albrizzi,  a Biographical  Memoir  by  Cicognara,  and  Por- 
trait by  Worthington. 

“ The  fertility  0/  this  master's  resojirces  is  amazing,  and  the  mamial  lalour 
expended  o?t  his  works  would  have  worn  out  ma7iy  an  ordinary  wo7'kman.  The 
outlbte  engravings  are  finely  executed.  The  descriptive  notes  are  discrhninating, 
and  in  the  tnain  exact." — Spectator. 

Two  Vols.  imperial  8vo,  cloth  extra,  gilt,  the  Plates  beautifully 
printed  in  Colours,  ;,^3  3^. 

Catlings  Illustrations  of  the  Manners^ 

Customs,  and  Condition  of  the -North  Americaji  Indians:  the  re- 
sult of  Eight  Years  of  Travel  and  Adventure  among  the  Wildest 
and  most  Remarkable  Tribes  now  existing.  Containing  360 
Coloured  Engravings  from  the  Author’s  original  Paintings. 

Small  qto,  cloth  gilt,  with  Coloured  Illustrations,  loj.  ()d, 

Chaucer  for  Children  : 

A Golden  Key.  By  Mrs.  H.  R.  Haweis.  With  Eight  Coloured 
Pictures  and  numerous  Woodcuts  by  the  Author. 

“ It  must  not  only  take  a high  place  amo7tg  the  Christmas  and  New  Year  books 
of  this  season,  but  is  also  of  permarient  value  as  a7t  i7itrod7ictio7t  to  the  sttcdy  of 
(Chaiicer,  whose  works,  hi  selections  of  some  kind  or  other,  are  now  text-books  in 
every  school  that  aspires  to  give  sound  histruction  in  English^ — Academy. 


Demy  8vo,  cloth  extra,  with  Coloured  Illustrations  and  Maps,  2,^s. 

Cope's  History  of  the  Rifle  Brigade 

(The  Prince  Consort’s  Own),  formerly  the  95th.  By  Sir  William 
H.  Cope,  formerly  Lieutenant,  Rifle  Brigade. 

‘ ‘ This  latest  contribution  to  the  history  of  the  British  army  is  a work  of  the 
most  varied  information  regarding  the  distinguished  regimetit  whose  life  it  tiar- 
rates,  and  also  of  facts  interesting  to  the  student  in  military  affairs.  . . . 

Great  credit  is  due  to  Sir  lY.  Cope  for  the  patience  dud  labour,  exteiiding  over 
many  years,  which  he  has  given  to  the  work.  . . . In  many  cases  voell-exe- 

cuted  plans  of  actions  are  given." — Morning  Post. 

‘ ‘ Even  a bare  record  of  a corps  which  has  so  often  been  under  fire,  and  has 
borne  a part  in  hnportant  engagements  all  over  the  world,  could  not  prove 
otherwise  than  full  f matter  acceptable  to  the  inilitary  reader." — Athenajum. 

Crown  8 VO,  cloth  gilt.  Two  very  thick  Volumes,  '^s.  6d.  each. 

Cruikshank's  Comic  Ahnanack, 

Complete  in  Two  Series  : The  First  from  1835  to  1843;  the 
Second  from  1844  to  1853.  A Gathering  of  the  Best  Humour 
of  Thackeray,  Hood,  Mayhew,  Albert  Smith,  A’Beck- 
ett,  Robert  Brough,  &c.  With  2000  Woodcuts  and  Steel 
Engravings  by  Cruikshank,  Hine,  Landelis,  &r. 
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Crown  8vo,  cloth  extra,  gilt,  *]s.  6d. 

Colman's  Humorous  Works: 

“Broad  Grins,”  “My  Nightgown  and  Slippers,”  and  othe? 
Humorous  Works,  Prose  and  Poetical,  of  George  Colman. 
With  Life  by  G.  B.  Buckstone,  and  Frontispiece  by  Hogarth. 


Crown  8vo,  cloth  extra,  gilt,  with  Portraits,  ’]s.  6d. 

Creasy's  Memoirs  of  E7ninent  Etonians; 

with  Notices  of  the  Early  Ilistory  of  Eton  College.  By  Sir 
Edward  Creasy,  Author  of  “The  Fifteen  Decisive  Battles  of 
the  World.”  A New  Edition,  brought  down  to  the  Present 
Time,  with  13  Illustrations. 

“A  new  editio7i  of  ‘ Creasy's  Eio^iiafis'  will  he  welcofne.  The  book  was  a 
favourite  a qiia^-ter  of  a century  ago,  and  it  has  mahitained  its  rep2ctatio7t.  The 
value  of  this  new  editio7i  is  e7iha7iced  by  the  fact  that  Sir  Edward  C7~easy  has 
added  to'it  seve7-al  77ie77toirs  of  Eto7tia7is  who  have  died  suice  the  first  edition 
appeared.  The  wo7~k  is  e77iine7itly  ititeresthig." — Scotsman. 

To  be  Completed  in  Twenty-four  Parts,  quarto,  at  5^.  each,  profusely 
illustrated  by  Coloured  and  Plain  Plates  and  Wood  Engravings, 

Cyclopcedia  of  Costume  ; 

or,  A Dictionary  of  Dress — Regal,  Ecclesiastical,  Civil,  and  Mili- 
tary— from  the  Earliest  Period  in  England  to  the  reign  of  George 
the  Third.  Including  Notices  of  Contemporaneous  Fashions  on 
the  Continent,  and  preceded  by  a General  History  of  the  Costumes 
of  the  Principal  Countries  of  Europe.  By  J.  R.  Planch^, 
Somerset  Herald. — A Prospectus  will  be  sent  upon  application. 
Part  XIX.  now  ready. 

most  readable  a7id  uiteresthig  work—a7:d  it  ca7t  scarcely  be  C07isulted  in 
vahi,  whether  the  reader  is  hi  search  for  viformatioii  as  to  7nilitary,  courts 
ecclesiastical,  legal,  or professio7ial  costume.  . . . All  the  chro77io-lithographs, 

a7id  most  of  the  woodcut  illustrations — the  latter  a7non7Uhig  to  several  thousands 
— are  very  elaborately  executed;  and  the  woi'k  foi'ins  a livre  de  luxe  which  re7iders 
it  equally  suited  to  the  library  aiid  the  ladies'  d7'awtng-7-oom." — Times. 

***  Part  XIV.  contains  the  Completion  of  the  DICTIONARY,  which, 
as  Vol.  /.  of  the  Book,  forms  a Complete  Work  hi  itself  This  volume 
may  now  be  had,  handsotnely  bound  in  half  red  morocco,  gilt  top,  price 
f 13J.  (id.  Cases  for  binding  the  volume  may  also  be  had,  price  ^s.  each. 

The  remaining  Parts  will  be  occupied  by  the  GENERAL  HISTO R Y 
OF  THE  COSTUMES  OF  EUROPE,  arranged  Chronologically. 


Demy  8vo,  half-bound  morocco,  21s. 

Dibdin’s  Bibliomania  ; 

or,  Book-Madness  : A Bibliographical  Romance.  With  numerous 
Illustrations.  A New  Edition,  with  a Supplement,  including  a 
Key  to  /the  Assumed  Characters  in  the  Drama. 
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Parts  I.  to  XII.  now  ready,  2is.  each. 

Cussans'  History  of  Hertfordshire. 

By  John  E.  Cussans.  Illustrated  with  full-page  Plates  on  Copper 
and  Stone,  and  a profusion  of  small  Woodcuts. 

“ Rlr.  Cussans  has,  fro7n  sources  not  accessible  to  Clutterbuck,  made  most 
valuable  additions  to  the  manorial  history  of  the  county  /rom  the  earliest  period 
dowfiwards,  cleared  up  many  dottbtful  points,  atid  given  origmal  details  con- 
cerning various  subjects  untouched  or  imperfectly  treated  by  that  7vriter.  The 
pedigrees  seem  to  have  been  constructed  with  great  care,  and  are  a valuable  addition 
to  the  genealogical  history  of  the  county.  Mr.  Cussans  appears  to  have  done 
his  work  conscientiously,  and  to  have  spared  neither  time,  labour,  nor  expense  to 
render  his  volumes  worthy  of  ranking  in  the  highest  class  of  County  Histories' 
— Academy. 


Demy  8vo,  cloth  extra,  125'.  6d. 

Doran's  Memories  of  our  Great  Towns. 

With  Anecdotic  Gleanings  concerning  their  Worthies  and  their 
Oddities.  By  Dr.  John  Doran,  F.S.A. 

Second  Edition,  demy  8vo,  cloth  gilt,  with  Illustrations,  i8j. 

Du7iraven  s The  Great  Divide: 

A Narrative  of  Travels  in  the  Upper  Yellowstone  in  the  Summer 
of  1874.  By  the  Earl  of  Dun  raven.  With  Maps  and  numerous 
striking  full-page  Illustrations  by  Valentine  W.  Bromley. 

“ There  has  not  for  a long  time  appeared  a better  book  of  travel  than  Lord 
Dunraven’s  ' The  Great  Divide.'  . . . The  book  is  full  <f  clever  observation, 

and  both  narrative  attd  illustrations  are  thoroughly  good." — Athenaeum. 

Demy  8vo,  cloth  extra,  with  Illustrations,  24J. 

Dodge's  ( Colonel)  The  Hunting  Grounds 

of  the  Great  West : A Description  of  the  Plains,  Game,  and 

Indians  of  the  Great  North  American  Desert.  By  Richard 
Irving  Dodge,  Lieutenant-Colonel  of  the  United  States  Army. 
With  an  Introduction  by  William  Blackmore  ; Map,  and 
numerous  Illustrations  drawn  by  Ernest  Griset. 

“ This  magnificent  volume  is  one  of  the  most  able  and  most  interesting  works 
which  has  ever  proceeded  from  an  American  pen,  while  its  freshness  is  equal  to 
that  of  any  similar  book.  Colonel  Dodge  has  chosefi  a subject  of  which  he  is 
master,  and  treated  it  with  a fubiess  that  leaves  nothing  more  to  be  desired,  and 
in  a style  which  is  charming  equally  for  its  picturesqiietiess  and  its  purity." 
— Nonconformist. 


Crown  8vo,  cloth  extra,  gilt,  with  Illustrations,  6j. 

Emanuel  On  Dia^nonds  and  Precious 

Stones : their  History,  Value,  and  Properties  ; with  Simple  Tests  for 
ascertaining  their  Reality.  By  Harry  Emanuel,  F.R.G. S. 
With  numerous  Illustrations,  Tinted  and  Plain. 
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Crown  8vo,  cloth  extra,  with  Illustrations,  7j.  (id. 

The  Englishman' s Ho^lse : 

A Practical  Guide  to  all  interested  in  Selecting  or  Building  a 
House,  with  full  Estimates  of  Cost,  Quantities,  &c.  By  C.  J. 
Richardson.  Third  Edition.  With  nearly  600  Illustrations. 

This  book  is  intended  to  supply  a long-felt  want,  viz.,  a plain,  non-technical 
account  pf  every  style  of  hotise,  with  the  cost  and  tnanner  of  building  ; it  gives 
every  variety,  fro7U  a work7nafi’ s cottage  to  a 7ioble7/ta7i  s palace. 


Crown  8vo,  cloth  boards,  (s.  per  Volume  ; a few  Large  Paper 
copies  (only  50  printed),  at  I2J.  per  Vol. 

Early  English  Poets. 

Edited,  with  Introductions  and  Annotations,  by  Rev.  A.  B.  Grosakt. 

"Mr.  Grosart  has  spent  the  Tnost  laboTuo^is  a7id  the  77tost  e7ithusiastic  care  on 
the  perfect  restoration  a7id prese'rvatio7i  of  the  text ; a7td  it  is  very  unlikely  that 
any  other  editio7i  of  the  poet  ca7i  ever  be  called  for.  . . p7'07n  Mr.  Grosart  7ve 

always  expect  a7td  always  receive  the  fi7ial  resjtlts  of  r/tost patient  a7id  co77ipetent 
scholarship."— 

1.  Fletcher's  ( Giles,  B.D.) 

Complete  Poems : Christ’s  Victorie 
in  Heaven,  Christ’s  Victorie  on 
Earth,  Christ’s  Triumph  over 
Death,  and  Minor  Poems. 

With  Memorial-Introduction  and 
Notes.  One  Vol. 

2.  Davies'  (Sir  John) 

Complete  Poetical  Works,  in- 
cluding Psalms  I.  to  L.  in  Verse, 
and  other  hitherto  Unpublished 
MSS.,  for  the  first  time  Col- 
lected and  Edited.  With  Me- 
morial-Introduction and  Notes. 

Two  Vols. 

3 . Herrick 's  ( Robert ) Hes- 

perides.  Noble  Ntimbers,  and 

***  Other  volu7)ies  are  hi  active  preparation. 

^own  8vo,  cloth  extra,  with  Illustrations,  6^. 

Fair  holt’s  Tobacco: 

Its  History  and  Associations  ; with  an  Account  of  the  Plant  and 
its  Manufacture,  and  its  Modes  of  Use  in  all  Ages  and  Countries. 
By  F.  W.  Fairholt,  F.S.A.  A New  Edition,  with  Coloured 
Frontispiece  and  upwards  of  100  Illustrations  by  the  Author. 

"A  very  pleasant  a7id  histructive  history  of  tobacco  and  its  associations,  which 
we  cordially  reco7U77ie7id  alike  to  the  votaries  and  to  the  e7teviies  of  the  7nuch- 
malig7ied  but  certaUily  7iot  neglected  weed.  . . . Full  of  interest  and  hi- 

formation.” —’Daus^  News. 


Complete  Collected  Poems.  With 
Memorial-Introduction  and  Notes, 
Steel  Portrait,  Index  of  First 
Lines,  and  Glossarial  Index,  &c. 
Three  Vols. 

4.  Sidney's  (Sir  Philip) 

Complete  Poetical  Works,  in- 
cluding all  those  in  “Arcadia.” 
With  Portrait,  Memorial-Intro- 
duction, Essay  on  the  Poetry  of 
Sidney,  and  Notes.  Three  Vols. 

5.  Donne's  (Dr.  John) 

Complete  Poetical  Works,  in- 
cluding the  Satires  and  various 
from  MSS.  With  Memorial-In- 
troduction and  Notes. 

[/« the  press. 
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Crown  8vo,  cloth  extra,  with  Illustrations,  4J. 

Faraday 's  Chemical  History  of  a Candle. 

Lectures  delivered  to  a Juvenile  Audience.  A New  Edition. 
Edited  by  W.  Crookes,  F.C.S.  With  numerous  Illustrations. 

Crown  8vo,  cloth  extra,  with  Illustrations,  4s.  6d. 

Faraday' s Varioiis  Forces  of  Nature. 

A New  Edition.  Edited  by  W.  Crookes.  F.C.S.  With  numerous 
Illustrations. 

Crown  8vo,  cloth  extra,  with  Illustrations,  yj.  (id. 

Finger- Ring  Lore : 

Historical,  Legendary,  and  Anecdotal. — Earliest  Notices;  Supersti- 
tions ; Ring  Investiture,  Secular  and  Ecclesiastical  ; Betrothal  and 
Wedding  Rings;  Ring-tokens;  Memorial  and  Mortuary  Rings  ; 
Posy-Rings ; Customs  and  Incidents  in  Connection  with  Rings ; 
Remarkable  Rings,  &c.  By  William  Jones,  F.  S.  A.  With  Hun- 
dreds of  Illustrations  of  Curious  Rings  of  all  Ages  and  Countries. 

Enters  fully  into  the  whole  subject,  and  gives  an  amotint  of  information 
and  general  reading  in  reference  thereto  which  is  of  very  hi^h  interest.  The 
book  is  not  only  a sort  of  history  of  finger-rings,  but  is  a collection  of  anecdotes 
in  connection  with  them.  . . . The  vohime  is  ad7nirably  illustrated,  and 

altogether  affords  an  amowit  of  amusemeJit  attd  infortnation  which  is  not  other- 
wise easily  accessible." — Scotsman. 

“ O7U  of  those  gossipmg  books  which  are  as  full  of  amusement  as  of  instruc- 
tion."— Athen^um. 

The  Ruskin  Grimm. — Square  crown  8vo,  cloth  extra,  6s.  6d.\ 

gilt  edges,  yj.  6d. 

German  Popular  Stories. 

Collected  by  the  Brothers  Grimm,  and  Translated  by  Edgar 
Taylor.  Edited,  with  an  Introduction,  by  John  Ruskin. 
With  22  Illustrations  after  the  inimitable  designs  of  George 
Cruikshank.  Both  Series  Complete. 

The  illustrations  of  this  vohime  . . . . are  of  quite  ste7'lhig  and  ad7ttirable 

art,  of  a class  precisely  parallel  in  elevation  to  the  character  of  the  tales  which 
they  illustrate  ; a/id  the  orighial  etchhigs,  as  I have  before  said  hi  the  A ppeiidix  to 
my  ‘ Elements  of  Drawhig,’  were  U7i7dvalled  in  77iasterfuhiess  of  touch  shice  Re77t- 
brandt  [in  some  qualities  of  delmeatio7t,  U7trivalled  even  by  hi77i).  . . . To  make 

soTTtewhat  enlarged  copies  of  them,  looking  at  theiii  throiigh  a 77tag7tifyhig  glass, 
and  never  putting  two  Ihies  where  Cruikshatik  has  put  only  07ie,  would  be  ait  exer- 
cise in  decision  and  severe  drawhig  which  would  leave  afterwards  little  to  be  learnt 
in  schools." — Extract  from  Introduction  by  John  Ruskin. 

One  Vol.  crown  8vo,  cloth  extra,  pr. 

Gilbert 's  ( IV.  S.)  Original  Plays : 

“A  Wicked  World,”  “Charity,”  “The  Palace  of  Truth,” 
“ Pygmalion,”  “ Trial  by  Jury,”  &c. 

“ His  workmanship  is  in  its  way  perfect ; it  is  very  souiid,  ttery  even,  very 
well  sustained,  and  excellently  balaiiced  throughout." — Observer. 
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One  Shilling  Monthly,  Illustrated  by  Arthur  Hopkins. 

The  Gentleman's  Magazine, 

Edited  by  Sylvanus  Urban,  Gentleman. 

In  seeking  to  restore  the  "GENTLEMAN'S  MAGAZINE  " to  the  position^ 
it  formerly  held,  the  Publishers  do  not  lose  sight  oj  the  changed  conditions 
under  which  it  now  appears.  While  7naintaining  an  historical  contitiuity  which 
dates  back  to  the  reigtt  of  George  the  Second,  there  will  be  no  attempt  to  burdei^ 
the  presefit  with  the  weight  of  a distant  past,  or  to  adhere  slavishly  to  traditions 
the  applicatio7i  of  which  is  U7isuited  to  the  altered  conditio7is  oJ  society  at  the 
present  time.  It  is  sought  to  re7ider  the  Magazine  to  the  ge7itlema7i.  of  to-day 
7uhat  in  earlier  thnes  it  proved  to  the  gentle7na7i  of  a past  generation.  New 
features  will  be  introdiiced  to  take  the  place  of  those  which  disappear  l in  the 
most  unporta7tt  respects,  however,  the  con7iecting  Ihiks  between  the  present  and 
the  past  will  be  closest.  Biography  a7id  History,  which  har>e  always  forTued  a. 
conspicuotts  portio7t  of  the  C07ite7iis,  will  retain  the  pro7nmence  assigned  the7>i, 
and  will  be  treated  with  the  added  breadth  that  springs  from  increased  faTuili- 
arity  with  atdhorities  and  more  exact  appreciatio7i  of  the  provBice  of  the 
Biographer  and  the  Historian.  Science,  which  confers  upon  the  age  special 
e}7tine7ice,  will  have  its  latest  coitchtsions  afid  forecasts  prese7ited  in  a maimer 
which  shall  bring  them  within  the  grasp  of  the  geneial  reader.  The  philo- 
sophical aspect  of  Politics,  the  7natters  which  affect  ImpeTdal  interests,  will  btr 
separated  fro7n  the  rivalries  of  party,  and  7vill  receive  a due  share  of  attention. 
Archceology  (under  which  comprehensive  head  may  be  included  Genealogy,  To- 
pography, and  other  sunilar  7tiatters),  Natural  History,  Sport  and  Adventure, 
Poetry,  Belles  Lettres,  Art  in  all  its  manifestations,  will  constitute  a portions 
of  the  contents;  and  Essays  upon  social  subjects  will,  as  heretofore,  be  inter- 
spersed. Under  the  head  of  Table  Talk  matters  of  current  interest  will  be 
discussed,  and  facts  of  histoiTc  value  will  be  preserved.  A Work  of  Fiction  by 
some  7iovelist  of  highest  position  will  run  through  the  pages  of  the  MagazinCf 
and  will  be  illustrated  by  artists  of  known  excellence.  With  a full  sense  of 
what  is  involved  in  their  promise,  and  with  a firm  resolution  to  abide  by  theW 
pledges,  the  Publishers  undertake  to  spare  no  exertion  that  is  necessary  to  secure 
the  highest  class  of  contributions,  to  place  the  Magazine  in  the  frst  rank  of 
serials,  and  to  fit  it  to  take  its  place  on  the  table  and  on  the  shelves  of  all  classes 
of  cultivated  Englishmen. 

***  Noiv  ready,  the  Volume July  to  December,  1877,  cloth  extra^ 
price  8s.  6d.  ; and  Cases  for  binding,  price  2s.  each. 

Demy  4to,  cloth  extra,  with  Illustrations,  31J.  (id, 

Gillray  the  Caricaturist : 

The  Story  of  his  Life  and  Times,  with  Anecdotal  Descriptions  of 
his  Engravings.  Edited  by  Thomas  Wright,  Esq.,  M.  A.,  F.  S.  A.. 
With  83  full-page  Plates,  and  numerous  Wood  Engravings. 

Crown  8vo,  cloth  extra,  with  a Map,  ^s.  6d. 

Gold  ; 

or.  Legal  Regulations  for  the  Standard  of  Gold  and  Silver; 
Ware  in  the  different  Countries  of  the  World.  Translated  from 
the  German  of  Studnitz  by  Mrs.  Brewer,  and  Edited,  with 
additions,  by  Edwin  W.  Streeter. 

Crown  8vo,  cloth  gilt  and  gilt  edges,  7j.  bd. 

The  Golden  Treasury  of  Thought : 

An  Encyclop.(EDIA  of  Quotations  from  Writers  of  all  Times- 
and  Countries.  Selected  and  Edited  by  Theodore  Taylor. 
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Square  i6mo  (Tauchnitz  size), 

The  Golden  Library : 

Bayard  Taylor^ s Diver- 

sions of  the  Echo  Club. 

The  Book  of  Clerical  Anec- 

dotes. 

Byron's  Don  fit  an. 

Carlyle  (Thomas)  on  the 

Choice  of  Books.  With  a Me- 
moir. ij.  (id. 

Emerson's  Letters  and 

Social  Aims. 

Godwin' s(  William) Lives 

of  the  Necromancers. 

Holmes's  Autocrat  of  the 

Breakfast  Table.  With  an  In- 
troduction by  G.  A.  Sala, 

Holmes's  Professor  at  the 

Breakfast  Table. 

Hood's  Whims  and  Oddi- 
ties. Complete.  With  all  the 
original  Illustrations. 

Irving's  ( Washington) 

Tales  of  a Traveller. 

Irving's  ( W ashington ) 

Tales  of  the  Alhambra. 

Jesse' s (Edward)  Scenes 

and  Occupations  of  Country  Life. 

Lamb's  Essays  of  Elia. 

Both  Series  Complete  in  One  Vol. 

Leigh  Hunt's  Essays  : A 

Tale  for  a Chimney  Corner,  and 
other  Pieces.  With  Portrait,  and 
Introduction  by  Edmund  Ollier 


cloth  extra,  2j.  per  volume. 


Mallory's  (Sir  Thomas) 

Mort  d' Arthur : The  Stories  of 
King  Arthur  and  of  the  Knights 
of  the  Round  Table.  Edited  by 
B.  Montgomerie  Ranking. 

Pascal's  Provincial  Let- 
ters. A New  Translation,  with 
Historical  Introduction  and 
Notes,  by  T.  M'Crie,  D.D., 
LL.D. 

Pope's  Complete  Poetical 

Works. 

Rochefoucauld's  Maxims 

and  Moral  Reflections.  With 
Notes,  and  an  Introductory 
Essay  by  Sainte-Beuve. 

St.  Pierre's  Paul  and 

Virginia,  and  the  Indian  Cot- 
tage. Edited,  with  Life,  by  the 
Rev.  E.  Clarke. 

Shelley 's  Early  Poems 

and  Queen  Mab,  with  Essay  by 
Leigh  Hunt. 

Shelley's  Later  Poems : 

Laon  and  Cythna,  &c. 

Shelley's  Posthumous 

Poems,  the  Shelley  Papers,  &c. 

Shelley's  Prose  Works^ 

including  A Refutation  of  Deism, 
Zastrozzi,  St.  Irvyne,  &c. 

White's  Natural  History 

of  Selborne.  Edited,  with  addi- 
tions, by  Thomas  Brown, 


F.L.S. 

“ A series  of  excellently  printed  and  carejtdly  annotated  vohimes,  handy  in  size, 
and  altogether  attractive! — Bookseller. 

Small  8vo,  cloth  gilt,  6j. 

Gosse's  King  Erik : 

A Tragedy.  By  Edmund  W.  Gosse.  Vignette  by  W.  B.  Scott. 

“ IVe  have  seldom  seen  so  marked  an  advance  in  a second  book  beyo7id  a first. 
Its  merits  are  solid  and  of  a very  high  order."— 
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Small  8vo,  cloth  gilt,  5j. 

Gosse's  On  Viol  and  Fhite. 

Second  Edition.  With  a Vignette  by  W.  B.  Scott. 


Half-bound,  paper  boards,  2\s.\  or  elegantly  half-bound  crimson 

morocco,  gilt,  2^s. 

The  Graphic  Portfolio, 

Fifty  Engravings  from  “The  Graphic,”  most  carefully  printed  on 
the  finest  plate  paper  (i8  in.  by  15  in.)  from  the  Original  Engravings. 
The  Drawings  are  by  S.  L.  Fildes,  Helen  Paterson,  Hubert 
FIerkomer,  Sydney  Hall,  E.  J.  Gregory,  G.  D.  Leslie, 
W.  Small,  G.  Du  Maurier,  Sir  John  Gilbert,  G.  J.  Pin- 
well,  Charles  Green,  G.  Durand,  M.  E.  Edwards,  A.  B. 
Houghton,  H.  S.  Marks,  F.  W.  Lawson,  H.  Weigall, 
and  others. 

“ Contains  some  of  the  choicest  specimens ^ both  of  drawing  a7id  wood-ettgravitig. 
Admirable  in  details  and  expression,  a7id  e7igraved  with  rare  delicacy." — Daily 
News. 


Crown  8vo,  cloth  extra,  gilt,  with  Illustrations,  *js.  6d. 

Greenwood's  Low-Life  Deeps: 

An  Account  of  the  Strange  Fish  to  be  found  there  ; including 
“ The  Man  and  Dog  Fight,”  with  much  additional  and  con- 
firmatory evidence;  “With  a Tally-Man,”  “A  Fallen  Star,” 
“The  Betting  Barber,”  “A  Coal  Marriage,”  &c.  By  James 
Greenwood.  With  Illustrations  in  tint  by  Alfred  Concanen. 


Crown  8 VO,  cloth  extra,  gilt,  with  Illustrations,  *]s.  6d. 

Greenwood' s JVilds  of  Lo7ddon: 

Descriptive  Sketches,  from  Personal  Observations  and  Experience, 
of  Remarkable  Scenes,  People,  and  Places  in  London.  By  James 
Greenwood,  W ith  12  Tinted  Illustrations  by  Alfred  Concanen. 

"Mr.  Jai7tes  Greeiiwood  prese7iis  hii7iself  07ice  77iore  ht  the  character  of  ‘one 
whose  delight  it  is  to  do  his  Inintble  e7ideavour  to7va7'ds  exf>osmg  and  extirpatuig 
social  abuses  a7id  those  hole-a7id-co7-/ier  evils  which  afflict  society."’ — Saturday 
Review. 


Crown  8vo,  cloth  extra,  gilt,  with  Illustrations,  4J.  6d, 

Guyot  's  Earth  and  Man  ; 

or,  Physical  Geography  in  its  Relation  to  the  History  of  Mankind. 
With  Additions  by  Professors  Agassiz,  Pierce,  and  Gray.  12 
Maps  and  Engravings  on  Steel,  some  Coloured,  and  a copious  Index. 
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Crown  8vo,  cloth  extra,  6s. 

Hake 's  New  Symbols : 

Poems.  By  Thomas  Gordon  Hake. 

“ The  entire  hook  breathes  a pure  and  ennobling  hifluence,  shows  welcome 
originality  of  idea  and  illustration,  atid  yields  the  highest  proof  of  imaginative 
faculty  and  mature  power  of  expression." — Athenaeum. 


Medium  8vo,  cloth  extra,  gilt,  with  Illustrations,  *]s.  6d. 

Hall 's  ( Mrs.  S.  C ) Sketches  of  Irish 

Character.  With  numerous  Illustrations  on  Steel  and  Wood  by 
Daniel  Maclise,  Sir  John  Gilbert,  W.  Harvey,  and  G. 
Cruikshank. 

" The  Irish  Sketches  of  this  lady  rese7>ible  Miss  Milford's  beautiful  English 
Sketches  in  ‘ Our  Village,’  but  they  are  far  more  vigorous  and  picturesque  and 
— Blackwood’s  Magazine. 


Three  Vols.  royal  4to,  cloth  boards,  £6  6s. 

Historical  Portraits  ; 

Upwards  of  430  Engravings  of  Rare  Prints.  Comprising  the 
Collections  of  Rodd,  Richardson,  Caulfield,  &c.  With 
Descriptive  Text  to  every  Plate,  giving  a brief  outline  of  the  most 
important  Historical  and  Biographical  Facts  and  Dates  connected 
with  each  Portrait,  and  references  to  original  Authorities. 


Small  8vo,  cloth  limp,  with  Illustrations,  2s.  6d. 

The  House  of  Life  ; 

Human  Physiology,  with  its  Applications  to  the  Preservation  of 
Health.  For  use  in  Classes,  and  Popular  Reading.  With 
numerous  Illustrations.  By  Mrs.  F.  Fenwick  Miller. 


Two  Vols.  royal  8vo,  with  Coloured  Frontispieces,  cloth  extra,  £2  5^. 

Hope's  Costume  of  the  Ancients. 

Illustrated  in  upwards  of  320  Outline  Engravings,  containing  Re- 
presentations of  Egyptian,  Greek,  and  Roman  Habits  and 
Dresses. 

“ The  substance  of  many  expensive  vuorks,  containing  all  that  may  be  necessary 
to  give  to  artists,  and  even  to  dramatic  perfomners  and  to  others  engaged  in 
classical  representations,  an  idea  of  ancietit  costumes  sufficiently  attt^le  to  prevent 
their  offending  in  their  performances  by  gross  a?id  obvious  bhtnders.' 
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Crown  8vo,  cloth  extra,  gilt,  *^s.  6d. 

Hood's  (Thomas)  Choice  Works, 

In  Prose  and  Verse.  Including  the  Cream  of  the  Comic 
Annuals.  With  Life  of  the  Author,  Portrait,  and  over  Two 
Hundred  original  Illustrations. 

“ Not  only  does  the  volume  include  the  ' ietter-known  i>oems  by  the  author^ 
also  what  is  happily  describedas  ‘ the  Cream  of  the  Comic  Annuals.'  Such  delicious 
things  as  ^ Don't  you  smell  Fire  I ' *The  Parish  Revolution,'  and  ^ Huggins  and 
Duggins,  will  never  want  readers." — Graphic. 


Crown  8vo,  cloth  extra,  with  Photographic  Portrait,  6s. 

Hood's  (Tom)  Poe^ns,  Humorous  and 

Pathetic.  Edited,  with  a Memoir,  by  his  Sister,  Frances  Free- 
LING  Broderip. 

“ There  are  many  p>oe77is  hi  the  vobt77ie  which  the  very  best  j7idge  77iight  well 
mistake  for  his  father's  W97'k." — Standard. 


Square  crown  8vo,  in  a handsome  and  specially-designed  binding, 

gilt  edges,  6s. 

Hood's  (Tom)  From  Nowhere  to  the 

North  Pole:  A Noah’s  Arkaeological  Narrative.  With  25  Illus- 
trations by  W.  Brunton  and  E,  C.  Barnes. 

“ The  amusing  letterpress  is  prof7tsely  interspersed  with  the  jhtgliTtg  rhymes 
which  cJuldren  love  a7id  learn  so  easily.  Mess7s.  B'runton  and  Ba?mes  do  full 
justice  to  the  writer  s 77tea7ii7ig,  and  a pleasanter  res7tlt  of  the  harmonious  co- 
operatio7t  of  author  and  a7'tist  co7ild  7iot  be  desired." — Times. 


Crown  8 VO,  cloth  extra,  gilt,  *js.  6d. 

Hook's  (Theodore)  Choice  Humorous 

Works,  including  his  Ludicrous  Adventures,  Bons-mots,  Puns, 
and  Hoaxes.  With  a new  Life  of  the  Author,  Portraits,  Fac- 
similes, and  Illustrations. 


Demy  8vo,  cloth  extra,  12s.  6d. 

Hueffer's  The  Troubadoiirs : 

A History  of  Provengal  Life  and  Literature  in  the  Middle  Ages. 
By  Francis  Hueffer. 


Crown  8vo,  cloth  extra,  'js. 

Horne's  Orion: 

An  Epic  Poem,  in  Three  Books.  By  Richard  Hengist  Horne. 
Tenth  Edition. 

“ Orion  will  be  adfnitted,  by  ez'ery  77tan  of  genius,  to  be  one  of  the  noblest,  if  not 
the  very  noblest,  poetical  work  of  the  age.  Its  defects  are  trivial  and  cenve7itional, 
its  beattties  intrmsic  and  sup7-eme." — Edgar  Allan  Poe 
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Crown  8vo,  cloth  extra,  ^s.  6d. 

HowelVs  The  Conflicts  of  Capital  and 

Labour.  Including  Chapters  on  the  History  of  Guilds  ; Trades 
Unions  ; Apprentices  ; Technical  Education  ; Intimidation  and 
Picketing  ; Restraints  on  Trade  ; Strikes — their  Objects,  Aims,  and 
Results;  Trade  Councils;  Arbitration;  Cooperation;  Friendly 
Societies ; the  Labour  Laws,  &c.  By  George  Howell,  Author 
of  “ A Handy  Book  of  the  Labour  Laws,”  late  Parliamentary 
Secretary  to  the  Trades  Unions  of  Great  Britain. 

Atlas  folio,  half  morocco,  gilt,  ;i^5  5^. 

The  Italian  Masters : 

Autotype  Facsimiles  of  Original  Drawings  in  the  British  Museum. 
With  Critical  and  Descriptive  Notes,  Biographical  and  Artistic, „ 
by  J.  CoMYNS  Carr. 

" This  splendid  volume.  . . Mr.  Carr's  choice  of  examples  has  been  dictated 
by  wide  knowledge  and  fine  tact.  . . The  majority  have  been  reprodtcced  with 

remarkable  accuracy.  Of  the  criticism  which  accompanies  the  drawings  we  have 
7iot  hitherto  spoken,  but  it  is  this  which  gives  the  book  its  special  value." — Pall 
Mall  Gazette. 


Small  8vo,  cloth  extra,  6r. 

feux  d' Esprit, 

Written  and  Spoken,  of  the  Later  Wits  and  Humourists.  Collected 
and  Edited  by  Henry  S.  Leigh. 

“ This  thoroughly  congenial  piece  of  work  . . . Mr.  Leigh's  clahn  to  praise  is 
threefold:  he  has  performed  the  duty  of  taster  with  care  a7td  judgment  ; he  has 
restored  many  stolen  or  strayed  bons-fnots  to  their  rightful  owners  ; and  he  has- " 
exercised  his  editorial  functio:is  delicately  a:id  sparingly." — Daily  Telegraph. 

Two  Vols.  8vo,  with  52  Illustrations  and  Maps,  cloth  extra,  gilt,  14^^  - 

fosephus's  Complete  Works, 

Translated  by  Whiston.  Containing  both  “ The  Antiquities  of 
the  Jews,”  and  “ The  Wars  of  the  Jews.” 

Small  8vo,  cloth,  full  gilt,  gilt  edges,  with  Illustrations,  6j. 

Kavanaghs'  Pearl  Fountain, 

And  other  Fairy  Stories.  By  Bridget  and  Julia  Kavanagh. 
With  Thirty  Illustrations  by  J.  Moyr  Smith. 

*'  Genuine  new  fairy  stories  of  the  old  type,  some  of  them  as  delightful  as  the^ 
best  of  Grimm's  ' German  Popular  Stories.'  ....  For  the  most  part,  the 
stories  ai-e  downright,  thorough-goitig  fairy  stories  of  the  most  ad7nirable  kind. 

. . . • Mr.  Moyr  Smith’s  illustrations,  too,  are  admirable.  Look  at  that 

white  rabbit.  Anyone  would  see  at  the  first  glance  that  he  is  a rabbit  with  a 
mind,  and  a very  uncommon  mind  too — that  he  is  a fairy  rabbit,  and  that  he  is 
posing  as  chief  adviser  to  some  one — without  reading  even  a word  of  the  story. 
Again,  notice  the  fairy-like  effect  of  the  little  picture  of  the  fairy -bird' D oil t- 
forget-me,’  flying  away  back  into  fairy-land.  A more  perfectly  dream-like  im- 
pression  of  fairy-land  has  hardly  been  given  in  any  illustration  of  fairy  tales 
within  our  knowledge." — Spectator. 
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Small  8vo,  cloth  extra,  5j. 

Lamb 's  Poetry  for  Children,  and  Prince 

Dorus,  Carefully  reprinted  from  unique  copies. 

“ The  quaint  and  delightful  little  hook,  over  the  7-ecovery  of  which  all  the  hearts 
of  his  lovers  are  yet  war7n  with  rejoichig." — Mr.  Swinburne,  in  the  Athen/Eum. 


Crown  8vo,  cloth  extra,  gilt,  with  Portraits,  ^s.  6d. 

Lamb's  Complete  Works, 

In  Prose  and  Verse,  reprinted  from  the  Original  Editions,  with 
many  Pieces  hitherto  unpublished.  Edited,  with  Notes  and  In- 
troduction, by  R.  H.  Shepherd.  With  Two  Portraits  and  Fac- 
simile of  a page  of  the  “ Essay  on  Roast  Pig.” 

“A  complete  edition  of  La7)tb's  writhigs,  in  prose  and  verse,  has  long  been 
wa7ited,  and  is  7iow  S7*pplied.  The  edito7-  appears  to  have  taken  g7'eat  pai7ts 
to  bring  together  Lamb's  scattered  cont7nb7itio7is,  and  his  collecticni  contains  a 
number  of  pieces  which  are  now  reproduced  for  the  f7st  time  sLice  their  07~igi7ial 
appeara7tce  hi  various  old  periodicals." — Saturday  Keview. 


Crown  8vo,  cloth  extra,  with  numerous  Illustrations,  loj.  (id. 

Mary  & Charles  Lamb: 

Their  Poems,  Letters,  and  Remains.  With  Reminiscences  and 
Notes  by  W.  Carew  Hazlitt.  With  Hancock’s  Portrait  of 
the  Essayist,  Facsimiles  of  the  Title-pages  of  the  rare  First  Editions 
of  Lamb’s  and  Coleridge’s  Works,  and  numerous  Illustrations. 

“ Very  many  passages  will  delight  those  fo7id  of  literary  trifles ; hardly  any 
portion  will fail  in  inte7-est  for  lovers  of  Charles  Laiub  aiid  his  sister.  ” — Standard. 


Demy  8vo,  cloth  extra,  with  Maps  and  Illustrations,  i8j. 

Lamont's  Yachting  in  the  Arctic  Seas; 

or.  Notes  of  Five  Voyages  of  Sport  and  Discovery  in  the  Neigh- 
bourhood of  Spitzbergen  and  Novaya  Zemlya.  By  James.  Lamont, 
F.R.G.S.  With  numerous  full-page  Illustrations  by  Dr.  Livesay. 

After  wading  through  nu7iiberless  vohmies  of  icy  fictio7i,  coiicocted 7iar7-ative, 
a7id  spu7'ious  biography  of  Arctic  voyagers,  it  is  pleasa7it  to  7neet  with  a real  a7td 
geitume  vobmie.  . . He  shows  much  tact  in  rccouiiting  his  adveiitures,  aiid 

they  are  so  interspersed  with  aiiecdotes  a7id  infor7natio7i  as  to  7nake  the7n  a7iything 
but  weariso7tie.  . . . The  book,  as  a whole,  is  the  7nost  hnportaiit  addition 

77iade  to  our  Arctic  literature  for  a long  ti/ne." — Athen.<eum. 


Crown  8vo,  cloth  gilt,  *]s.  6d. 

Latter-Day  Lyrics : 

Poems  of  Sentiment  and  Reflection  by  Living  Writers ; selected 
and  arranged,  with  Notes,  by  W.  Davenport  Adams.  With  a 
Note  “ On  some  Old  French  Forms  of  Verse  ” by  Austin  Dobson. 
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Crown  8vo,  cloth  extra,  8^.  61. 

Lee's  More  Glimpses  of  the  IVor Id  Unseen. 

Edited  by  the  Rev.  Frederick  George  Lee,  D.C.L.,  Vicar  of 
All  Saints’,  Lambeth;  Editor  of  “The  Other  World;  or. 

Glimpses  of  the  Supernatural,’*  &c.  

Crown  8vo,  cloth  extra,  witli  Illustrations,  "js.  6d. 

Life  in  Lo7tdon  ; 

or.  The  History  of  Jerry  Hawthorn  and  Corinthian  Tom.  With 
the  whole  of  Cruikshank’s  Illustrations,  in  Colours,  after  the 
Originals. 

Small  crown  8vo,  cloth  extra,  4^.  6d. 

Linton 's  foshua  Davidson, 

Christian  and  Communist.  By  E.  Lynn  Linton.  Sixth  Edition, 
with  a New  Preface. 

Crown  8vo,  cloth  extra,  with  Illustrations,  'js.  6d. 

Longfellow' s Complete  Prose  IVorks. 

Including  “ Outre  Mer,”  “ Hyperion,”  “ Kavanagh,”  “ The 
Poets  and  Poetry  of  Europe,”  and  “ Driftwood.”  With  Portrait 
and  Illustrations  by  Valentine  Bromley. 

Crown  8vo,  cloth  extra,  gilt,  with  Illustrations,  ’]s.  6d. 

Longfellow ' s Poetical  IVorks. 

Carefully  Reprinted  from  the  Original  Editions.  With  numerous 
fine  Illustrations  on  Steel  and  Wood. 

“ Mr.  Longfellow  has  for  many  years  been  the  best  knorvn  and  the  most  read  of 
A merican  poets  ; and  his  popularity  is  of  the  right  kind,  and  rightly  and  fairly 
won.  H e has  not  stooped  to  catch  attention  by  artifice,  nor  striven  to  force  it  by 
violence.  His  works  have  faced  the  test  of  parody  aiid  burlesqtte  {which  in  these 
days  is  ahnost  the  commo7i  lot  of  writings  of  atiy  ma>  k),  atid  have  come  off  wt~ 
harmed.” — Saturday  Review. 

The  Fraser  Portraits. — Demy  4to,  cloth  gilt  and  gilt  edges,  with 
83  characteristic  Portraits,  31^.  6d. 

Maclise's  Gallery  of  Illustrious  Literary 

Characters.  With  Notes  by  Dr.  Maginn.  Edited,  with  copious 
Additional  Notes,  by  William  Bates,  B.  A. 

“ Ojie  of  the  most  interestmg  volumes  of  this  year’s  literature.'^ — Times. 

“ Deserves  a place  on  every  drawing-room  table,  and  may  not  unfitly  be  removed 
from  the  drawing-room  to  the  library.” — Spectator. 

Crown  8 VO,  cloth  extra,  with  Illustrations,  2s.  6d. 

Madre  Natura  v.  The  Moloch  of  Fashion. 

By  Luke  Limner.  With  32  Illustrations  by  the  Author. 
Fourth  Edition,  revised  and  enlarged. 

Agreeably  written  and  amusingly  illustrated.  Cotnmon  sense  and  ertidition 
are  brought  to  bear  on  the  subjects  discussed.m  it.” — Lancet. 
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Handsomely  printed  in  facsimile,  price  5^. 

Magna  Charta, 

An  exact  Facsimile  of  the  Original  Document  in  the  British 
Museum,  printed  on  fine  plate  paper,  nearly  3 feet  long  by  2 feet 
wide,  with  the  Arms  and  Seals  of  the  Barons  emblazoned  in  Gold 
and  Colours. 

A full  Translation,  with  Notes,  on  a large  sheet,  td. 

Crown  8vo,  cloth  extra,  ^s.  6d. 

Maid  of  Norway  (The), 

Translated  from  the  German  by  Mrs.  Birkbegk.  With  Pen  and 
Ink  Sketches  of  Norwegian  Scenery. 

NEW  COPYRIGHT  WORK  BY  MARK  T^VAIK. 

Post  8vo,  illustrated  boards,  2s. 

An  Idle  Excursion,  and  other  Papers, 

By  Mark  Twain. 

Small  8vo,  cloth  extra,  with  Illustrations,  ']s.  6d. 

Mark  Twain  'sA dventureso/TomSawyer, 

With  One  Hundred  Illustrations. 

“ A hook  to  be  read.  There  is  a certain  freshness  and  novelty  about  it,  a />rac- 
tically  romantic  character,  so  to  speak,  which  will  make  it  very  attractive." — 
Spectator. 

***  Also  a Popular  Edition,  post  8vo,  illustrated  boards,  2s. 
Crown  8vo,  cloth  extra,  with  Illustrations,  ^s.  6d. 

Mark  Twain's  Choice  Works, 

Revised  and  Corrected  throughout  by  the  Author.  With  Life, 
Portrait,  and  numerous  Illustrations. 

Post  8vo,  illustrated  boards,  2s. 

Mark  Twam's  Pleasure  Trip  on  the 

Continent  of  Europe.  (“The  Innocents  Abroad,”  and  “The 
New  Pilgrim’s  Progress.”) 

Two  Vols.  crown  8vo,  cloth  extra,  i8j. 

Mansion's  (Dr,  Westland)  Dramatic 

and  Poetical  Works.  Collected  Library  Edition. 

“ The  * Patrician's  Daughter'  is  an  oasis  in  the  desert  of  modem  dramatic 
literature,  a real  emafiation  of  mind.  We  do  not  recollect  any  modem  work  in 
which  states  of  thought  are  so  freely  developed,  except  the  ‘ Torquato  Tasso ' of 
Goethe.  The  play  is  a work  of  art  in  the  satne  sense  that  a play  of  Sophocles  is  a 
work  of  art  i it  is  one  simple  idea  in  a state  of  gradual  developme7it  . . . * The 

Favourite  of  Fortwie'  is  one  of  the  most  itnportant  additions  to  the  stock  of 
English  prose  cofnedy  that  has  beat,  made  during  the  present  century." — Times. 
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Crown  8vo,  cloth  extra,  8j. 

Marston's  (Philip  B,)  All  in  All: 

Poems  and  Sonnets. 

Crown  8vo,  cloth  extra,  8j. 

Marston  's  ( Philip  B.J  Song  Tide, 

And  other  Poems.  Second  Edition. 


Handsomely  half-bound,  India  Proofs,  royal  folio,  ;i^io  ; Large  Paper 
copies.  Artists’  India  Proofs,  elephant  folio,  £20. 

Modern  Art : 

A Series  of  superb  Line  Engravings,  from  the  Works  of  Distin- 
guished Painters  of  the  English  and  Foreign  Schools,  selected 
from  Galleries  and  Private  Collections  in  Great  Britain.  With 
descriptive  Text  by  James  Dafforne. 


Crown  8vo,  cloth  extra,  gilt,  gilt  edges,  yj.  (id. 

Muses  of  Mayfair : 

Vers  de  Societe  of  the  Nineteenth  Century.  Including  Selections 
from  Tennyson,  Browning,  Swinburne,  Rossetti,  Jean 
Ingelow,  Locker,  Ingoldsby,  Hood,  Lytton,  C.  S.  C.; 
Landor,  Austin  Dobson,  &c.  Edited  by  H.  C.  Pennell. 

Crown  8vo,  cloth  extra,  6x.,  a New  and  Cheaper  Edition  of 

The  New  Republic  ; 

or.  Culture,  Faith,  and  Philosophy  in  an  English  Country  House. 
By  W.  H.  Mallock. 

“ The  great  charm  of^  tJie  book  lies  in  the  clever  aftd  artistic  way  the  dialogzie 
is  managed,  and  the  diverse  and  various  expedients  by  which,  whilst  the  love  o/ 
thought  on  every  page  is  kept  at  a high  pitch,  it  never  loses  its  realistic  aspect. 

, . . 1 1 is  giving  high  praise  to  a %vork  of  this  sort  to  say  that  it  absolutely 

needs  to  be  taken  as  a whole,  afid  that  disjoutted  extracts  here  a?id  there  would 
entirely  fail  to  convey  any  idea  of  the  artistic  unity,  the  careful  and  conscientious 
sequence  of  v^hat  is  evidently  the  brilliant  outcome  of  much  patient  thought  and 
study.  . . . Enough  has  now  been  said  to  recommend  these  volumes  to  any 

reader  who  desires  something  above  the  usual  noziel,  something  which  will  open 
up  lanes  of  thought  in  his  own  mind,  and  insensibly  introduce  a higher  standard 
into  his  daily  life.  ...  Here  is  tiovelty  indeed,  as  well  as  originality,  and 
to  anyone  who  can  appreciate  or  understand  ‘ The  New  Republic:  it  cannot 
fail  to  be  a rare  treat." — Observer, 

***  The  Original  Edition,  in  Two  Vols.  crozvn  Svo,  21s.,  may  also 
be  had. 


Square  8vo,  cloth  extra,  with  numerous  Illustrations,  9^. 

North  Italian  Folk, 

By  Mrs,  Comyns  Carr,  With  Illustrations  by  Randolph 
Caldecott. 
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MOORE^S  HITHERTO  UNCOLLECTED  WRITINGS. 

Crown  8vo,  cloth  extra,  with  Frontispiece,  9^. 

Prose  and  Verse — Humorous,  Satirical, 

and  Sentimental — by  THOMAS  MOORE.  Including  Suppressed 
Passages  from  the  Memoirs  of  Lord  Byron,  Chiefly  from  the 
Author’s  MSS.,  and  all  hitherto  Inedited  and  Uncollected.  Edited, 
with  Notes,  by  Richard  Herne  Shepherd. 

“ H itherto  Thomas  Moore  has  been  mostly  regarded  as  one  of  the  lighter  writers 
Dierely — a sentimental  poet  par  excellence,  in  •whom  the  ‘ raphire  of  love  and  of 
wine  ’ determined  hUn  strictly  to  certain  anodes  of  sympathy  and  of  utterance,  and 
these  to  a large  extent  of  a slightly  artificial  character.  This  volume  will  serve  to 
show  hi7)i  in  other,  a/id  certahdy  as  attractive,  aspects,  while,  at  the  satne  time, 
enabling  us  to  a conside^-able  extent  to  see  hozv  faithfilly  he  developed  himself  on 
the  poetical  or  faticiftcl  side.  . . . This  is  a book  zvhich  clai7us , as  it  ought  to 

obtahi,  various  classes  of  readers,  a7id  we  tr7ist  that  the  very  mixed  ele777e7its  of 
i7iterest  hi  it  77iay  7iot  co7iflict  with  its  obtahiing  the77i.  For  the  lightest  reader 
there  is  77iuch  to  eiijoy  ; for  the  most  thoughtful  so77iethhig  to po7ider  over;  and  the 
tha7iks  of  both  are  due  to  editor  and  publisher  alike.” — Nonconformist. 

Crown  8vo,  cloth  extra,  with  Vignette  Portraits,  price  6j.  per  Vol. 

The  Old  Dramatists : 


Ben  Jonson's  Works. 

With  Notes,  Critical  and  Ex- 
planatory, and  a Biographical 
Memoir  by  William  Gifford. 
Edited  by  Col.  Cunningham. 
Three  Vols, 

Chapman  Works. 

Now  First  Collected,  Complete 
in  Three  Vols,  Vol.  I.  contains 
the  Plays  complete,  including  the 
doubtful  ones  ; Vol.  II.  the 
Poems  and  Minor  Translations, 
with  an  Introductory  Essay  by 


I Algernon  Charles  Swin- 

! burne  ; Vol.  III.  the  Transla- 

tions of  the  Iliad  and  Odyssey. 

Marlowe^ s Works. 

Including  his  Translations.  Edit- 
ed, with  Notes  and  Introduction, 

I by  Col.  Cunningham,  One  Vol. 

Massinger' s Plays. 

From  the  Text  of  William 
Gifford.  With  the  addition  of 
the  Tragedy  of  ‘ ‘ Believe  as  you 
List.”  Edited  by  Col.  CuN- 
I ningham.  One  Vol. 


Fcap.  8vo,  cloth  extra,  ts. 

O ' Shaughnessy 's  (A rthur ) An  Epic  of 

Women,  and  other  Poems.  Second  Edition. 


Crown  8vo,  cloth  extra,  loj.  6d. 

O' Shaughnessy  's  Lays  of  France, 

(Founded  on  the  “ Lays  of  Marie.”)  Second  Edition. 

Fcap.  8vo,  cloth  extra,  *js.  6d. 

O' Shaughnessy  's  Music  and  Moonlight : 

Poems  and  Songs.  

Crown  8vo,  illustrated  boards,  with  numerous  Plates,  2s.  6d. 

Old  Point  Lace,  and  How  to  Copy  and 

Imitate  It.  By  Daisy  Waterhouse  Hawkins.  With  17 
Illustrations  by  the  Author. 
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Crown  8vo,  carefully  printed  on  creamy  paper,  and  tastefully 
bound  in  cloth  for  the  Library,  price  6s.  each. 

Tke  Piccadilly  Novels: 

Populai*  hj)  28cs't 

Antonina.  By  Wilkie  Collins. 

Illustrated  by  Sir  J,  Gilbert  and  Alfred  Concanen. 

Basil.  By  Wilkie  Collins. 

Illustrated  by  Sir  John  Gilbert  and  J.  Mahoney. 

Hide  and  Seek.  By  Wilkie  Collins. 

Illustrated  by  Sir  John  Gilbert  and  J,  Mahoney. 

The  Dead  Secret.  By  Wilkie  Collins. 

Illustrated  by  Sir  John  Gilbert  and  H.  Furniss. 

Queen  of  Hearts.  By  Wilkie  Collins. 

Illustrated  by  Sir  J.  Gilbert  and  A.  Concanen. 

My  Miscellanies.  By  Wilkie  Collins. 

With  Steel  Portrait,  and  Illustrations  by  A.  Concanen. 

The  Woman  in  w^hite.  By  Wilkie  Collins. 

Illustrated  by  Sir  J.  Gilbert  and  F.  A.  Fraser. 

The  Moonstone.  By  Wilkie  Collins. 

Illustrated  by  G.  Du  Maurier  and  F.  A.  Fraser. 

Man  and  Wife.  By  Wilkie  Collins. 

Illustrated  by  William  Small. 

Poor  M iss  Finch.  By  Wilkie  Collins. 

Illustrated  by  G.  Du  Maurier  and  Edward  Hughes. 

Miss  or  Mrs.  ? By  Wilkie  Collins. 

Illustrated  by  S.  L.  FiLDES  and  Henry  Woods. 

The  Hew  Magdalen.  By  Wilkie  Collins, 

Illustrated  by  G.  Du  Maurier  and  C.  S.  Rands. 

The  Frozen  Deep.  ♦ By  Wilkie  Collins. 

Illustrated  by  G.  Du  Maurier  and  J.  Mahoney. 

The  Law  and  the  Lady.  By  Wilkie  Collins. 

Illustrated  by  S.  L.  Fildes  and  Sydney  Hall. 

The  Two  Destinies.  By  Wilkie  Collins. 

V Also  a POPULAR  EDITION  of  WILKIE  COLLINS’S 
NOVELS,  post  8vo,  illustrated  boards,  2S.  each. 

Felicia.  By  M.  Betham-Edwards. 

With  a Frontispiece  by  W.  Bowles. 
noble  novel.  Its  teaching  is  elevated.,  its  story  is  sympathetic,  and  the  kind 
of  feeling  its  perusal  leaves  behind  is  that  more  ordinarily  derived  from  music  or 
poetry  than  from  prose  fiction.  Few  works  in  modern  fictioji  stand  as  high  in  our 
estimation  as  this." — Sunday  Times. 

Olympia. 


By  R.  E.  Francillon. 
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The  Piccadilly  Novels — contimied. 

JJudev  the  Gveeiiwood  Tvee.  By  Thomas  Hardy. 

Fated  to  be  Fvee.  By  Jean  Ingelow. 

The  Queeil  of  Counaught.  By  Harriett  Jay. 

The  Davk  Colleen.  By  Harriett  Jay. 

A tiovel 'wJlich possesses  the  rare  a7id  valuable  quality  of  Jiovelty.  . . . The 

scenery  will  be  strange  to  most  readers,  and  in  many  passages  the  aspects  of  Nature 
are  very  cleverly  described.  Moreover,  the  book  is  a study  of  a very  cjirious  and 
interesting  state  of  society.  A novel  which  no  novel-reader  should  miss,  and  which 
people  who gene7' ally  shun  novels  may  enjoy." — Saturday  Review. 

F atvicia  Kemball.  By  E.  Lynn  Linton. 

With  Frontispiece  by  G.  Du  Maurier. 

“ Displays  genuine  humour,  as  well  as  keen  social  observation.  Enough  graphic 
portraiUire  and  witty  observcition  to  fttrnish  materials  for  half-a-dozen  novels  of 
the  ordinary  kind." — Saturday  Review. 

The  Atonement  of  Learn  Dundas.  By  e.  Lynn  Linton. 
With  a Frontispiece  by  Henry  Woods. 

In  her  narrowness  and  her  depth,  in  her  boundless  loyalty,  her  self-forgetting 
passion,  that  exchisiveness  of  love  which  is  akin  to  crttelty,  and  the  fierce 
humility  which  is  vicarious  pride.  Learn  Dundas  is  a striking  figure.  In  one 
quality  the  authoress  has  in  some  measure  surpassed  herself." — Pall  Mall  Gaz. 

The  Water  dale  Neighbours.  By  Justin  McCarthy. 

Fly  Enemy  s Daughter.  By  justin  McCarthy. 

Linley^  Rochford.  By  Justin  McCarthy. 

A Fair  Saxon.  By  Justin  McCarthy. 

Dear  Lady  Disdain.  By  Justin  McCarthy. 

The  Evil  Eye,  and  other  Stories.  By  Katharine  s.macquoid. 
Illustrated  by  Thomas  R.  Macquoid  and  Percy  Macquoid. 

Cameos  delicately,  if  not  very  minutely  or  vividly,  wrought,  and  quite  finished 
enough  to  give  a pleasurable  sense  of  artistic  ease  and  faculty.  A word  of  com- 
mendation is  merited  by  the  illustrations." — Academy. 

Number  Seventeen.  By  Henry  Kingsley. 

Oakshott  Castle. 

With  a Frontispiece  by  Shirley  Hodson. 

*'A  brisk  and  clear  north  wind  of  sentiment — se7itiment  that  braces  instead  of 
enervating— blows  th7-ough  all  his  works,  and  makes  all  their  readers  at  once 
healthier  and  more  glad.” — Spectator. 

Open  ! Sesame  ! 

Illustrated  by  F.  A.  Fraser. 

“ A story  which  arouses  and  sustains  the  reader's  interest  to  a higher  degree 
than,  perhaps,  any  of  its  author's  former  works.” — Graphic. 

]Whiteladies.  By  Mrs.  Oliphant. 

With  Illustrations  by  A.  Hopkins  and  H.  Woods. 

“ A pleasant  and  readable  book,  written  with  practical  ease  and  grace." — Times. 

The  Best  of  Husbands.  By  James  Payn. 

Illustrated  by  J.  Moyr  Smith. 

Fallen  Fortunes.  By  James  Payn. 


By  Henry  Kingsley. 


By  Florence  Marryat. 
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The  Piccadilly  continued. 


Halves.  By  James  Payn, 

With  a Frontispiece  by  J.  Mahoney. 

Walter 's  Word.  By  James  Payn. 

Illustrated  by  J.  Moyr  Smith. 

What  he  Cost  her.  By  James  Payn. 

“ His  novels  are  always  commendable  in  the  sense  0/  art.  I'hey  also  f>ossess 
another  distuict  claim  to  our  liking  : tJie  gdrls  in  them  are  remarkably  charm-^ 
ing  and  true  to  nature,  as  most  people,  we  believe,  have  the  good  fortune  to 
observe  nature  represented  by  girls." — Spectator. 

Her  Mother's  Darling.  By  Mrs.  J.  H.  Riddell 

The  W^ ay  we  Live  Now.  By  Anthony  Trollope* 

With  Illustrations. 

The  A.inerican  Senator.  By  Anthony  Trollope.^ 

Mr,  Trollope  has  a true  artist's  idea  0/  tone,  of  colour,  of  harmony',  his 
pictures  are  one,  and  seldom  out  of  drawing ; he  never  strains  after  effect, is 
fidelity  itself  in  expressing  English  life,  is  never  guilty  of  caricature." — 
Fortnightly  Review. 


Diamond  Cut  Diamond.  By  t.  a.  Trollope. 

"Full  of  life,  of  interest,  of  close  observation,  and  sympathy.  . . . Wheft- 
Mr.  Trollope  paints  a scene  it  is  sure  to  be  a scene  worth  painting." — Satur- 
day Review. 


Bound  to  the  Wheel. 
Guy  Waterman. 

One  Against  the  World. 


By  John  Saunders. 
By  John  Saunders* 
By  John  Saunders. 


The  Lion  in  the  Path.  By  John  Saunders. 

“ A carefully  written  and  beautiful  story — a story  of  goodness  and  truth, 

which  is  yet  as  interesting  as  though  it  dealt  with  the  opposite  qualities 

The  author  of  this  really  clever  story  has  been  at  great  pains  to  work  out  all 
its  details  with  elaborate  conscientiousness,  and  the  result  is  a very  vivid  picture 
of  the  ways  of  life  and  habits  of  thought  of  a hundred  a?id  fifty  years  ago. 
. . . Certaittly  a very  htteresting  book." — Times. 


Ready-Money  Mortiboy. 
My  Little  Girl. 

The  Case  of  Mr.  Lucraft. 
This  Son  of  Vulcan. 

With  Harp  and  Crown. 
The  Golden  Butterfly, 


By  W.  Besant  and  James  Rice. 
By  W.  Besant  and  James  Rice. 
By  W.  Besant  and  James  Rice. 
By  W.  Besant  and  James  Rice. 
By  W.  Besant  and  James  Rice. 
By  W.  Besant  and  James  Rice. 


With  a Frontispiece  by  F.  S.  Walker. 

“ ‘ The  Golden  Butterfly  ’ will  certainly  add  to  the  happiness  of  7uankind,  for  we 
defy  anybody  to  read  it  with  a gloomy  countenance." — Times. 
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NEW  NOVEL  BY  JUSTIN  MCCARTHY. 

Two  vols.  8vo,  cloth  extra,  Illustrated,  2is.,  the  Second  Edition  of 

Mzss  Misanthrope. 

By  Justin  McCarthy,  Author  of  “Dear  Lady  Disdain,”  &c. 
With  12  Illustrations  by  Arthur  Hopkins. 

In  ‘ Miss  Misanthrope'  Mr.  McCarthy  has  addeda  7tewa7id  delight/7d portrait 
to  his  gallery  of  Englishwo7nen.  . . . It  is  a 7iovel  which  77iay  be  sipped  like 

choice  witie  ; it  is  07ie  to  Ihiger  over  a7id p07ider  ; to  be  enjoyed  like  fi7ie,  sweet  air, 
or  good  co77ipany,for  it  is  peT^aded  by  a p§rfu7ue  of  ho7iesty  aiidlnmwur,  of  high 
feelhig,  of  kmdly  penetrathig  himiour,  of  good  se7ise,  a7id  wide  knowledge  of  the 
world,  of  a 77ii7id  richly  cultivated  aitd  a77iply  stored.  There  is  scarcely  a page  in 
these  volu77tes  iii  which  we  do  not  fiiid  so77ie  f7ie  7-e7nark  or  felicitous  7'eflectio7i  of 
pierchig,  yet  gentle  and  mdulgeiit  iro7iy." — Daily  News. 

MRS.  LINTON’S  NEW  NOVEL. 

Two  Vols.  8vo,  cloth  extra.  Illustrated,  2is.,  the  Second  Edition  of 

The  World  Well  Lost. 

By  E.  Lynn  Linton,  Author  of  “ Patricia  Kemball,”  &c.  With 
12  Illustrations  by  Henry  French  and  J.  Lawson. 

“ V/e  are  hiclhied  to  thhik  that  in  this  7iovel  Mrs.  Lynn  Lhiion  has  7-eachcd  a 
higher  artistic  77iark  tha7i  i7i  a7iy  for77ier  one." — Nonconformist. 

"If  M rs.  Li7ito7i  had  not  already  wo7i  a place  a77i07ig  our fore7iiost  livhig  7iovelists, 
she  would  have  bee7i  e7ititled  to  it  by  her  latest  work  of  fictio7i — a book  of  smgularly 
high  and  varied  77ierit.  The  story  rivets  the  attentio7i  of  the  reader  at  the  outset, 
■a7id  holds  hi77i  absorbed  laitil  the  close." — Scotsman. 


NEW  NOVEL  BY  THE  AUTHOR  OF  "JULIETS  GUARDIAN." 

Three  Vols.,  crown  8vo,  3U.  (od. 

Deceivers  Ever. 

By  Mrs.  H.  Lovett  Cameron. 


Crown  8vo,  red  cloth,  extra,  5j-.  each. 

Ouida  's  Novels. — Uniform  Edition. 


Folle  Farine.  By  ouida. 
IdcillCl.  By  Ouida. 

Chctfldos.  By  Ouida. 

Under  Two  Flags.  By  ouida. 
Tricotrin.  ^ By  ouida. 
Cecil  Castlemainds 

Gage.  By  OuiDA. 

Held  in  Bondage.  By  Ouida. 


Pascarel.  By  Ouida. 

Puck.  By  Ouida. 

Dog  of  Flanders.  By  Ouida. 
Strathmore.  By  ouida. 
Two  Wooden  ShoesBy  Quid R. 
Signa.  By  Ouida. 

In  a Winter  City.  By  ouida. 


Ariadne.  By  Ouida. 

NE  W NO  V EL  B Y MR.  JAMES  GRANT. 

Shortly,  Three  Vols.,  crown  8vo,  31J.  6d. 


The  Lord  Hermitage. 

By  James  Grant,  Author  of  “ The  Romance  of  War,”  &c. 
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Post  8vo,  illustrated  boards,  2s.  each. 

Cheap  Editions  of  Popvtlar  Novels. 

[Wilkie  Collins’  Novels  may  also  be  had  in  cloth  limp  at  2s,  61.  Ser, 
too,  the  Piccadilly  'i^ovEi.s,  for  Library  Editio7is.^ 

Under  the  Greenwood  Tree.  By  Thomas  hardy 

Ready-Money  Mortiboy.  By  Walter  Besant  and  James  Rice! 
The  Golden  Butterjly.  By  Authors  of  “ Ready-Money  Mortiboy.” 
This  Son  of  Vulcan.  By  the  Authors  of  " Ready-Money  Mortiboy.” 
My  Little  Girl.  By  the  Authors  of  “ Ready-Money  Mortiboy.” 
The  Case  of  Mr.  Lucraft.  Authors  of  “Ready-Money  Mortiboy.’' 
With  Harp  and  Crown.  Authors  of  “ Ready-Money  Mortiboy.” 

By  Wilkie  Collins. 
By  Wilkie  Collins. 
By  Wilkie  Collins. 
By  Wilkie  Collins. 
By  Wilkie  Collins. 
By  Wilkie  Collins. 
By  Wilkie  Collins. 
By  Wilkie  Collins. 
By  Wilkie  Collins. 
By  Wilkie  Collins. 
By  Wilkie  Collins. 
By  Wilkie  ColliNs. 
By  Wilkie  Collins. 
By  Wilkie  Collins. 
By  George  Augustus  Sala. 
By  Justin  McCarthy. 
By  Justin  McCarthy. 
By  Justin  McCarthy. 
By  Justin  McCarthy, 
By  Justin  McCarthy. 
By  Mark  Twain. 
By  Mark  Twain. 


The  Woman  in  White. 

Antonina. 

Basil. 

Hide  and  Seek. 

The  Dead  Secret. 

The  Queen  of  Hearts. 

My  Miscellanies. 

The  Moonstone. 

Man  and  Wife. 

Poor  Miss  Finch. 

Miss  or  Mrs.  ? 

The  New  Magdalen. 

The  Frozen  Deep. 

The  Law  and  the  Lady. 

Gaslight  and  Daylight. 

The  Water  dale  Neighbours. 

My  Enemy's  Daughter. 

Linley  Rochford. 

A Fair  Saxon. 

Dear  Lady  Disdain. 

An  Idle  Excursion. 

The  Adventures  of  Tom  Sawyer. 

A Pleasure  Trip  on  the  Continent  of  Europe,  m.  twain. 
Oakshott  Castle.  By  henry  Kingsley. 

Bound  to  the  W^heel.  By  John  Saunders. 

Guy  Waterman.  By  John  Saunders. 

One  Against  the. World.  By  John  Saunders. 

The  Lion  in  the  Path.  By  John  and  Katherine  Saunders. 
Surly  Tim.  By  the  Author  of  “ That  Lass  o’  Lowrie’s.” 
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Two  Vols.  8vo,  cloth  extra,  with  Illustrations,  los.  61. 

Plutarch's  Lives  of  Illustrious  Men. 

Translated  from  the  Greek,  with  Notes  Critical  and  Historical, 
and  a Life  of  Plutarch,  by  John  and  William  Langhorne. 
New  Edition,  with  Medallion  Portraits. 


Crown  8vo,  cloth  extra,  with  Portrait  and  Illustrations,  "]s.  6d. 

Poe's  Choice  Prose  and  Poetical  JVorks. 

With  Baudelaire’s  “Essay.” 

“ Poe  stands  as  much  alone  among  z/erse-wniters  as  Salvator  Rosa  among 
painters." — Spectator. 


Crown  8vo,  cloth  extra,  Illustrated,  *js.  6d. 

The  Life  of  Edgar  A llan  Poe. 

By  William  F.  Gill.  With  numerous  Illustrations  and 
Facsimiles. 


Small  8 VO,  cloth  extra,  with  Illustrations,  3J.  6d. 

T he  Prince  of  A rgolis : 

A Story  of  the  Old  Greek  Fairy  Time.  By  J.  Moyr  Smith. 
With  130  Illustrations  by  the  Author. 


Demy  8vo,  cloth  extra,  12s.  6d. 

Proctor's  Myths  and  Marvels  of  Astro- 
nomy. By  Richard  A.  Proctor,  Author  of  “Other  Worlds 
than  Ours,”  &c. 

“ Mr.  Proctor,  who  is  well  and  widely  known  for  his  faculty  of  popularising  tJu 
' latest  results  of  the  science  of  which  he  is  a master,  has  brought  together  in  these 
fascinating  chapters  a curious  collection  of  popular  beliefs  concerning  divination  by 
the  stars,  the  injlttences  of  the  moon,  the  destination  of  the  cornets,  the  constellation 
figures,  and  the  habitation  of  other  worlds  than  ours.” — Daily  News. 

“ The  reader  who  begins  this  charming  voheme — a dozen  chapters  to  as  many 
instances  of  erroneous  observation  or  superstitious  credulity — will  hardly  fail  to 
peruse  it  to  the  end.” — Graphic. 


Crown  8vo,  cloth  extra,  ^s. 

Prometheus  the  Fire-Giver : 

An  attempted  Restoration  of  the  Lost  First  Part  of  the  Trilogy 
of  .lEschylus. 

Another  illustration  of  that  classical  r-evival  which  is  due  in  no  small  degree 
io  the  influence  of  Mr.  Szvinburne.  . . . Much  really  fne  writing,  and  much 

appreciation  of  the  r^schy lean  spirit.” — Home  News. 

“ Well  written  i?i  parts — soft,  spirited,  a?td  vigorous,  according  to  7‘eguircment." 
— Illustrated  London  News. 
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Crown  8vo,  cloth  extra,  with  Portrait  and  Facsimile,  I2j.  6d. 

The  Final  Reliques  of  Father  Front. 

Collected  and  Edited,  from  MSS.  supplied  by  the  family  of  the 
Rev.  Francis  Mahon y,  by  Blanchard  Jerrold. 


In  Two  Series,  small  4to,  blue  and  gold,  gilt  edges,  6s.  each. 

Pnniajta  ; 

or,  Thoughts  Wise  and  Other- Why’s.  A New  Collection  of 
Riddles,  Conundrums,  Jokes,  Sells,  &c.  In  Two  Series,  each 
containing  30000!  the  best  Riddles,  10,000  most  outrageous  Puns, 
and  upwards  of  Fifty  beautifully  executed  Drawings  by  the  Editor, 
the  Hon.  Hugh  Rowley.  Each  Series  is  Complete  in  itself. 

“yl  witty,  droll,  a7id  most  amusing  work,  profusely  and  elegatttly  illustrated^ 
— Standard. 

Crown  8vo,  cloth  extra,  gilt,  ^s.  6d. 

The  Ptirsnivant  of  Arms  ; 

or.  Heraldry  founded  upon  Facts.  A Popular  Guide  to  the 
Science  of  Heraldry.  By  J.  R.  Planch^,  Esq.,  Somerset 
Herald.  With  Coloured  Frontispiece,  Plates,  and  200  Illustrations* 

Crown  8vo,  cloth  extra,  yj.  6d. 

Rabelais’  Works. 

Faithfully  Translated  from  the  French,  with  variorum  Notes,  and 
numerous  Characteristic  Illustrations  by  Gustave  Dor6. 

Crown  8vo,  cloth  gilt,  with  numerous  Illustrations,  and  a beautifully 
executed  Chart  of  the  various  Spectra,  ^s.  6d.,  a New  Edition  of 

Rambosson  's  A stronomy. 

By  J.  Rambosson,  Laureate  of  the  Institute  of  France.  Trans- 
lated by  C.  B.  Pitman.  Profusely  Illustrated. 

Crown  8vo,  cloth  extra,  6s. 

Red-Spinner’s  By  Stream  and  Sea : 

A Book  for  Wanderers  and  Anglers.  By  William  Senior 
(Red-Spinner). 

“ Mr.  Senior  has  long  been  knowtt  as  aji  interesting  and  original  essayist.  He  is 
a keen  observer,  a confessed  lover  of  ‘ the  gc7itle  sport'  a7id  co77ibines  with  a fi7ie 
picturesque  to7ich  a qtiamt  a7id  efficie7tt  h7i77tour.  All  these  qualities  co77te  ottt  hi  a 

most  attractive  7na7i7ier  hi  this  delightful  volu77ie.  . . . It  is  pre-emineiitly  a 

briAit  and  breezy  book,  full  of  natu7-e  and  odd  out-of-the-way  references.  . . We 

can  conceive  of  no  better  book  for  theholiday  tour  or  the  seaside." — Nonconformist. 

“ Very  delightful  reading  ] just  the  sort  of  book  which  an  angler  or  a rambler 
will  be  ^lad  to  have  in  the  side  pocket  of  his  jacket.  Altogether,  'By  Stream  and 
.Sea  ’ is  one  of  the  best  books  of  its  khid  which  we  have  come  across  for  many  a long 
Oxford  University  Herald. 
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Handsomely  printed,  price  5^. 

The  Roll  of  Battle  Abbey  ; 

or,  A List  of  the  Principal  Warriors  who  came  over  from  Nor- 
mandy with  William  the  Conqueror,  and  Settled  in  this  Country, 
A.D.  1066-7.  Printed  on  fine  plate  paper,  nearly  three  feet  by 
two,  with  the  principal  Arms  emblazoned  in  Gold  and  Colours. 

In  4to,  very  handsomely  printed,  extra  gold  cloth,  12s, 

The  Roll  of  Caerlaverock, 

The  Oldest.  Heraldic  Roll ; including  the  Original  Anglo-Norman 
Poem,  and  an  English  Translation  of  the  MS.  in  the  British 
Museum.  By  Thomas  Wright,  M. A.  The  Arms  emblazoned 
in  Gold  and  Colours. 

Crown  8vo,  cloth  extra,  '^s.  6d. 

Memoirs  of  the  Sanson  Family : 

Seven  Generations  of  Executioners.  By  Henri  Sanson.  Trans- 
lated from  the  French,  with  Introduction,  by  Camille  BarrIlre. 

faithful  translation  of  this  curious  work,  which  will  certainly  repay  perusal 
~-not  on  the  ground  of  its  being  full  of  horrors,  for  the  origuial  author  seems  to 
be  rather  ashamed  of  the  tech7iical  aspect  of  his  professioti,  ajid  is  com7tiendably 
retice7it  as  to  its  details,  but  because  it  C07ttai7is  a lucid  accotmt  of  the  most  notable 
causes  celebres  from  the  time  of  Louis  XIV.  to  a period  within  the  77ie7nory  of 
persons  still  livmg.  . . . Can  scarcely  fail  to  be  extre7nely  e7itertai7ii7ig." — 

Daily  Telegraph. 


Crown  8vo,  cloth  extra,  profusely  Illustrated,  4?,  6d.  each. 

The  ''Secret  Out'"  Series. 


The  Art  of  Amusing : 

A Collection  of  Graceful  Arts, 
Games,  Tricks,  Puzzles,  and  Cha- 
rades. By  Frank  Bellew.  300 
Illustrations. 

Hanky-Panky  : 

Very  Easy  Tricks,  Very  Difficult 
Tricks,  White  Magic,  Sleight  of 
Hand.  Edited  by  W.  H.  Cre- 
mer.  200  Illustrations. 

Magician! s Own  Book  : 

Performances  with  Cups  and  Balls, 
Eggs,  Hats,  Handkerchiefs,  &c. 
All  from  Actual  Experience. 
Edited  by  W.  H.  Cremer.  200 
Illustrations. 


Magic  No  Mystery : 

Tricks  with  Cards,  Dice,  Balls, 
&c.,  with  fully  descriptive  Direc- 
tions ; the  Art  of  Secret  Writing  ; 
the  Training  of  Performing  Ani- 
mals, &c.  With  Coloured  Fron- 
tispiece and  many  Illustrations. 

The  Merry  Ch'cle : 

A Book  of  New  Intellectual  Games 
and  Amusements.  By  Clara 
Bellew.  Many  Illustrations. 

The  Secret  Out : 

One  Thousand  Tricks  with  Cards, 
and  other  Recreations  ; with  En- 
tertaining Experiments  in  Draw- 
ing-room or  “ White  Magic.”  By 
W.  H.  Cremer.  300  Engravings. 


NEW  VOLUME  OF  THE  SECRET  OUT''  SERIES. 
Crown  8vo,  cloth  extra,  with  numerous  Plates,  4^.  (id. 

The  Pyrotechnist s Treasury  ; 

or.  Complete  Art  of  Making  Fireworks.  By  Thomas  Kentish 
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In  reduced  facsimile,  small  8vo,  half  Roxburghe,  lo^.  6c4 

The  First  Folio  Shakespeare, 

Mr.  William  Shakespeare’s  Comedies,  Histories,  and  Trage- 
dies. Published  according  to  the  true  Originall  Copies.  London, 
Printed  by  Isaac  Iaggard  and  Ed.  Blount,  1623. — An  exact 
Reproduction  of  the  extremely  rare  original,  in  reduced  facsimile 
by  a photographic  process — ensuring  the  strictest  accuracy  in  every 
detail.  A full  Prospectus  will  be  sent  upon  application, 

“ To  Messrs.  Chatto  arid  IVindns  belongs  the  merit  of  having  done  more  to 
facilitate  the  critical  study  of  the  teat  of  our  great  dramatist  than  all  the  Shake- 
speare clubs  and  societies  put  together.  A complete  facsimile  of  the  celebrated 
First  Folio  edition  of  1622  for  half  a-guinea  is  at  once  a miracle  of  cheapness  and 
enterpr-ise.  Being  in  a reduced  form,  the  type  is  necessarily  rather  diminutive, 
but  it  is  as  distinct  as  in  a genuine  copy  of  the  original,  and  will  be  found  to  be  as 
useful  and far  more  handy  to  the  student  than  the  latter." — Athenaeum. 

Post  8vo,  with  Illustrations,  cloth  extra,  gilt  edges,  i8j. 

The  Lansdowne  Shakespeare, 

Beautifully  printed  in  red  and  black,  in  small  but  very  clear  type. 
With  engraved  facsimile  of  Droeshout’s  Portrait,  and  37  beautiful 
Steel  Plates,  after  Stothard. 


Two  Vols.  crovm  8vo,  cloth  extra,  i8j. 

The  School  of  Shakspere. 

Including  “ The  Life  and  Death  of  Captain  Thomas  Stukeley,” 
with  a New  Life  of  Stucley,  from  Unpublished  Sources  ; “No- 
body  and  Somebody,”  “ Histriomastix,”  “The  Prodigal  Son,” 
“Jack  Drum’s  Entertainement,”  “A  Warning  for  Fair  Women,” 
with  Reprints  of  the  Accounts  of  the  Murder  ; and  “Faire  Em.” 
Edited,  with  Introductions  and  Notes,  and  an  Account  of  Robert 
Green  and  his  Quarrels  with  Shakspere,  by  Richard  Simpson, 
B.  A.,  Author  of  “The  Philosophy  of  Shakspere’s  Sonnets,”  “ The 
Life  of  Campion,”  &c.  With  an  Introduction  by  F.  J.  Furnivall. 

Crown  8vo,  cloth  extra,  with  Illustrations,  *js.  6d. 

Signboards : 

Their  History.  With  Anecdotes  of  Famous  Taverns  and  Re- 
markable Characters.  By  Jacob  Larwood  and  John  Camden 
Hotten.  With  nearly  100  Illustrations. 

“ Even  if  we  were  ever  so  maliciously  inclined,  we  could  not  pick  out  all  Messrs. 
I.arwood  and  Hotten  s plums,  because  the  good  things  are  so  numerous  as  to  defy 
the  most  wholesale  depredation." — Times. 


Exquisitely  printed  in  miniature,  cloth  extra,  gilt  edges,  2s.  6d. 

The  Smoker ’s  Text-Book. 

By  J.  Hamer,  F.R.S.L. 
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Crown  8vo,  cloth  extra,  gilt,  with  lo  full-page  Tinted 
Illustrations,  7j.  ()d. 

Sheridan's  Complete  Works, 

with  Life  and  Anecdotes.  Including  his  Dramatic  Writings, 
printed  from  the  Original  Editions,  his  Works  in  Prose  and 
Poetry,  Translations,  Speeches,  Jokes,  Puns,  &c. ; with  a Collec- 
tion of  Sheridaniana. 

“ The  editor  has  brought  together  vuithin  a manageable  compass  not  only  the 
seven  plays  by  which  Sheridan  is  best  known,  but  a collection  atso  of  his  poetical 
pieces  which  are  less  familiar  to  the  p7iblic,  sketches  of  U7t  finished  dramas,  selections 
frojfi  his  reported  witticis^ns,  and  extracts  froiti  his  p^-iticipal  speeches.  To  these 
is  prefixed  a short  b7it  well-writte7i  7i7emoir,  giving  the  chief  facts  hi  Sheridan’ s 
literary  and  political  career  ; so  that,  with  this  volume  in  his  hand,  the  student 
may  consider  himself  tolerably  well  furiiished  with  all  that  is  necessary  for  a 
general  comprehension  of  the  subject  of  it."—  Pall  Mall  Gazette. 


Crown  8vo,  cloth  extra,  gilt,  6s.  6d. 

The  Slang  Dictionary : 

Etymological,  Historical,  and  Anecdotal.  An  Entirely  New 
Edition,  revised  throughout,  and  considerably  Enlarged. 

" iVe  are  glad  to  see  the  Slang  Dictionary  repritited  and  enlarged.  From  a high 
scie7itific  pohit  of  view  this  book  is  not  to  be  despised.  Of  course  it  cannot  fail  to 
be  amusing  also.  It  contains  the  very  vocabulary  of  unrestrained  humo7ir,  and 
oddity,  aitd grotesqueness.  In  a word,  it  provides  valuable  maternal  both  for  the 
student  of  language  and  the  student  of  human  nature." — Academy. 

Crown  4to,  unifoim  with  “ Chaucer  for  Children,”  with  Coloured 
Illustrations,  cloth  gilt,  loj'.  6d. 

Spenser  for  Children. 

By  M.  H.  Towry.  With  Illustrations  in  Colours  by  Walter 
J.  Morgan. 

“ In  these  transci'ipts  the  writer  has  endeavo7ired  to  preserve  the  thoughts  and 
language  of  Spenser,  while  presenting  the  tales  hi  a simple  and  contin7i07is  form. 
The  work  of  one  of  07ir  greatest  poets  has  not  been  apfi-oachcd  in  an  irreverent 
spirit,  nor  with  any  intention  cf  vulgarizing  his  fictions  by  relating  them  in  a 
familiar  aiid  mocking  manner — a style  too  often  s7ipposed  to  be  that  most  attractive 
to  the yo7ing." 

Imperial  4to,  containing  1 50  beautifully-finished  full-page  Engravings 
and  Nine  Vignettes,  all  tinted,  and  some  illuminated  in  gold  and 
colours,  half-morocco,  9^. 

Slot  hard's  Monumental  Effigies  of  Great 

Britam.  With  Historical  Description  and  Introduction  by  John 
Kempe,  F.  S.  a.  AN  EW  Edition,  with  a large  body  of  Additional 
Notes  by  John  Hewitt. 

A few  Large  Paper  copies,  royal  folio,  with  the  arms  illuminated 
in  gold  and  colours,  and  the  plates  very  carefully  finished  in  body-colours, 
heightened  with  gold  in  the  very  finest  style,  half-morocco,  £1$  15^. 
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Crown  8vo,  cloth  extra,  gs. 

Stedman  's  Victorian  Poets : 

Critical  Essays.  By  Edmund  Clarence  Stedman. 

“ We  ought  to  he  thankful  to  those  who  do  critical  work  with  competent  skill 
■and  understanding,  %mth  honesty  of  purpose,  and  with  diligence  and  thoroughness 
of  executiott.  And  Mr.  Stedman,  havitig  chosen  to  work  in  this  line,  deserves  the 
thanks  of  English  scholars  by  these  qualities  and  by  something  more  ; . . . . 

he  is  faithful,  studious,  atid  discemhig." — Saturday  Review. 

Large  8vo,  half-Roxburghe,  with  Illustrations,  price  9^. 

Stow 's  Survey  of  London. 

Edited  by  W.  J.  Thoms,  F.S.A.  A New  Edition,  with  Copper- 
plate Illustrations. 

Crown  8vo,  cloth  extra,  with  Illustrations,  *]s.  61. 

Swiff  s Choice  Works, 

in  Prose  and  Verse.  With  Memoir,  Portrait,  and  Facsimiles  of 
the  Maps  in  the  Original  Edition  of  “Gulliver’s  Travels.” 

“ The  ‘ Tale  of  a Tub'  is,  hi  my  apprehension,  the  masterpiece  of  Swift ; 
certainly  Rabelais  has  nothing  superior,  even  in  invetition,  nor  anything  so  con~ 
densed,  so  pointed,  so  full  of  real  meatimg,  of  biting  satire,  of  felicitous  attalogy. 
The  ‘ Battle  of  the  Books  ' is  such  an  improvement  on  the  similar  combat  in  the 
Lutrin,  that  we  can  hardly  own  it  as  an  imitation." — Hallam. 

“ Swift’s  reputation  as  a poet  has  been  in  a manner  obscured  by  the  greater  splen- 
dour, by  the  natural force  and  inventive  genius,  of  his  prose  writings  ; but,  if  he 
hiid  never  written  either  the  ’Tale  of  a Tub’  or  ’Gulliver's  Travels  P his  name 
merely  as  a poet  would  have  come  down  to  us,  and  have  gone  down  to  posterity, 
with  tvell-eamed  honours." — Hazlitt. 

Mr.  Swinburne's  Works : 

Bothwell: 

A Tragedy.  Two  Vols.  crown 

8 VO,  I2J.  6d. 

George  Chapman  : 

An  Essay.  Crown  8vo,  yj. 

Songs  of  T wo  Nations. 

Crown  8vo,  6s. 

Essays  and  Studies. 

Crown  8vo,  x'z.s. 

Erechtheus  : 

A Tragedy.  Crown  8vo,  6s. 

Note  of  an  English  Re- 
publican on  the  Muscovite  Cru- 
sade. 8vo,  IS. 

A Note  on  CharlotteBrontl' . 

Crown  8vo,  6s. 


The  Queen  Mother  and 

Rosamond.  Fcap,  8vo,  5J. 

Atalanta  in  Calydon. 

A New  Edition.  Crown  8vo,  6s. 
Chastelard. 

A Tragedy.  Fcap.  8vo,  js. 

Poems  and  Ballads. 

Fcap.  8vo,  gs. 

Notes  on  Poems  and 

Ballads.”  8vo,  xs. 

William  Blake: 

A Critical  Essay.  With  Facsimile 
Paintings.  Demy  8vo,  i6j. 

Songs  before  Sunrise. 

Crown  8vo,  ioj.  6d. 
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MR.  SWINBURNE'S  NEW  WORK. 

Crown  8vo,  cloth  extra,  gs. 

Poems  and  Ballads.  Second  Series. 

By  Algernon  Charles  Swinburne. 

***  Also  in  fcap.  8vo,  at  same  price,  uniform  with  the  First 
Series. 

Fcap.  8vo,  cloth  extra,  3^.  (id. 

Rosselli's  ( W,  M,)  Criticism  upon  Swin~ 

burne' s “ Poems  and  Ballads.*' 

Crown  8 VO,  cloth  extra,  with  Illustrations,  yj.  6d. 

Strutfs  Sports  and  Pastimes  of  the 

People  of  England ; including  the  Rural  and  Domestic  Recrea- 
tions, May  Games,  Mummeries,  Shows,  Processions,  Pageants, 
and  Pompous  Spectacles,  from  the  Earliest  Period  to  the  Present 
Time.  With  140  Illustrations.  Edited  by  William  Hone. 

* ^ A few  Large  Paper  Copies,  with  an  extra  set  of  Copperplate 
Illustrations,  carefully  Coloured  by  Hand,  from  the  Originals,  50J. 

Medium  8vo,  cloth  extra,  with  Illustrations,  *js.  6d. 

Dr.  Syntax  's  Three  Tours, 

in  Search  of  the  Picturesque,  in  Search  of  Consolation,  and  in 
Search  of  a Wife.  With  the  whole  of  Rowlandson’s  droll  page 
Illustrations,  in  Colours,  and  Life  of  the  Author  by  J.  C.  Hotten. 

Large  post  8vo,  cloth,  full  gilt,  gilt  top,  with  Illustrations,  12s.  6d. 

Thackerayana : 

Notes  and  Anecdotes  Illustrated  by  a profusion  of  Sketches  by 
William  Makepeace  Thackeray,  depicting  Humorous  Inci- 
dents in  his  School-life,  and  Favourite  Characters  in  the  books  of 
his  everyday  reading.  With  Hundreds  of  Wood  Engravings  and 
Five  Coloured  Plates,  from  Mr.  Thackeray’s  Original  Drawings. 

“7^  would  have  been  a real  loss  to  bibliographical  literature  had  copyright 
difficulties  deprived  the  general  public  of  this  very  amusing  collection.  One  of 
Thackeray' s habits,  from  his  schoolboy  days,  was  to  ornament  the  margins  and 
blank  pages  of  the  books  he  had  in  use  with  caricat^ire  illustrations  of  their 
conte7its.  This  gave  special  vahie  to  the  sale  of  his  lib}-ary,  and  is  almost  cause 
for  regret  that  it^  could  7iot  have  been  prese7-ved  in  its  integrity.  Thackeray's 
place  hi  literature  is  eminent  enough  to  have  made  this  an  interest  to  future 
generations.  The  anonymous  editor  has  done  the  best  that  he  could  to  compen- 
sate for  tne  lack  of  this.  It  is  an  admirable  addenduvi,  not  only  to  his  collected 
works,  but  also  to  any  mejiioir  of  him  that  has  been,  or  that  is  likely  to  be, 
written." — British  Quarthri.y  Review. 

Crown  8vo,  cloth  extra,  gilt  edges,  with  Illustrations,  yj.  (id, 

Thomson' s Seasons  and  Castle  of  In- 
dolence. With  a Biographical  and  Critical  Introduction  by  Allan 
Cunningham,  and  over  50  fine  Illustrations  on  Steel  and  Wood. 
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Two  Vols.  crown  8vo,  cloth  boards,  i8j.;  Large  Paper  copies 

(only  50  printed),  36J. 

Cyril  Tourneur' s Collected  Works, 

Plays  and  Poems.  Edited,  with  Critical  Introduction  and  Notes, 
byj.  Churton  Collins. 


Crown  8vo,  cloth  extra,  with  Coloured  Illustrations,  *]s.  6d. 

y.  M.  IV.  Turner's  Life  and  Correspond- 
ence. Founded  upon  Letters  and  Papers  furnished  by  his  Friends 
and  fellow  Academicians.  By  Walter  Thornbury.  A New 
Edition,  considerably j Enlarged.  ‘With  numerous  Illustrations 
in  Colours,  facsimiled  from  Turner’s  original  Drawings. 


Tainds  History  of  English  Literature. 

Translated  by  Henry  Van  Laun.  Four  Vols.  small  8vo,  30A 

**  Also  a New  and  Cheaper  Edition,  in  Two  Vols.,  crown 
8vo,  cloth  extra,  15s. 


Small  8vo,  cloth  gilt,  with  Portrait,  6j. 

Thoreau:  His  Life  and  Aims. 

A Study.  By  H.  A.  Page,  Author  of  “The  Life  of  Thomas 
De  Quincey,”  &c. 

Extract  from  Preface.-— “ The  naUire-insiinct  in  Thorea^c  was  so  strong 
ihaty  as  I believe,  it  may  even  do  somethhig  to  aid  in  the  interpretation  of  certain 
phenome7ia  of  so  distant  a period  as  the  Middle  Age.  I see  a kind  of  real  likeness 
between  this  so-called  ‘ Stoic'  of  Ainerica,  with  his  unaffected  love  for  the  slave,  his 
wondeifd  ^mpathies  and  attractions  for  the  lower  creaUcres,  his  simplicities, 
and  his  liking  for  the  labour  of  the  hand,  a7td  that  St.  Fraiicis  whose  life  has 
recentfy  been  made  fresh  and  real  to  us  by  the  skilftcl  pen  of  Mrs.  Oliphant.  All  I 
claim  for  Thoreau  is  a dishiterested  a7id  7iot  a ojie-sided  atid prejtidiced  hearing.' 


Crown  8vo,  cloth  extra,  with  Illustrations,  yj.  6^/. 

Timbs  Clubs  and  Club  Life  in  London. 

With  Anecdotes  of  its  famous  Coffee-houses,  Hostelries,  and 
Taverns.  By  John  Times,  F.S.A.  With  numerous  Illustrations. 


Crown  8vo,  cloth  extra,  with  Illustrations,  *js.  6d. 

Timbs'  English  Eccentrics  and  Ec- 

centricilies : Stories  of  Wealth  and  Fashion,  Delusions,  Impos- 
tures, and  Fanatic  Missions,  Strange  Sights  and  Sporting  Scenes, 
Eccentric  Artists,  Theatrical  Folks,  Men  of  Letters,  &c.  By  John 
Times,  F.S.A.  With  nearly  50  Illustrations. 
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One  Vol.  crown  8vo,  cloth  extra,  *js.  6d, 

Tom  Taylor's  Historical  Plays. 

**  Clancarty,”  “Jeanne  d’Arc,”  “’Twixt  Axe  and  Crown,”  “ The 
Fool’s  Revenge,”  “Arkwright’s  Wife,”  “Anne  Boleyn,”  “Plot 
and  Passion.” 

The  Plays  may  also  be  had  separately,  at  is.  each. 

Crown  4to,  half-Roxburghe,  I2s.  6d. 

Vagabondiana  ; 

or.  Anecdotes  of  Mendicant  Wanderers  through  the  Streets  of 
London  ; with  Portraits  of  the  most  Remarkable,  drawn  from  the 
Life  by  John  Thomas  Smith,  late  Keeper  of  the  Prints  in  the 
British  Museum.  With  Introduction  by  Francis  Douce,  and 
Descriptive  Text.  With  the  Woodcuts  and  the  32  Plates,  from 
the  original  Coppers. 

Large  crown  8vo,  cloth  antique,  with  Illustrations,  yr.  6d. 

Walton  and  Cotton's  Complete  Angler  ; 

or.  The  Contemplative  Man’s  Recreation : being  a Discourse  of 
Rivers,  Fishponds,  Fish  and  Fishing,  written  by  I zaak  Walton  ; 
and  Instructions  how  to  Angle  for  a Trout  or  Grayling  in  a clear 
Stream,  by  Charles  Cotton.  With  Original  Memoirs  and 
Notes  by  Sir  Harris  Nicolas,  and  61  Copperplate  Illustrations. 

Carefully  printed  on  paper  to  imitate  the  Original,  22  in.  by  14  in.,  2J. 

Warrant  to  Execute  Charles  I. 

An  exact  Facsimile  of  this  important  Document,  with  the  Fifty- 
nine  Signatures  of  the  Regicides,  and  corresponding  Seals. 

Beautifully  printed  on  paper  to  imitate  the  Original  MS.,  price  2s. 

Warrant  to  Execute  Mary  Q.  of  Scots. 

An  exact  Facsimile,  including  the  Signature  of  Queen  Elizabeth, 
and  a Facsimile  of  the  Great  Seal. 

Crown  8vo,  cloth  extra,  with  Illustrations,  *js.  6d. 

Wright 's  Caricature  History  of  the 

Georges.  ( Die  House  of  Hanover. ) With  400  Pictures,  Caricatures, 
Squibs,  Broadsides,  Window  Pictures,  &c.  By  Thomas  Wright, 
Esq.,  M.A.,  F.S.A. 

Large  post  8vo,  cloth  extra,  gilt,  with  Illustrations,  *js.  6d. 

Wright 's  History  of  Caricahtre  and  of 

the  Grotesque  in  Art,  Literature,  Sculpture,  and  Painting,  from 
the  Earliest  Times  to  the  Present  Day.  By  Thomas  Wright, 
M.A.,  F.S.A.  Profusely  illustrated  by  F.  W.  Fairholt,  F.S.A, 
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